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I.  NAME  OF  RESPONSIBLE  INDIVIDUAL 


BCBCunvE  siMmcr 


Hie  objectives  of  this  study  were  to  determine  the  feasibility  of  (1) 
determining  the  characteristics  of  electromagnetic  radiaticxi  emissions  from 
all  sources  that  may  affect  optical  fire  detectors  and  cause  them  to  false 
alarm  or  false  activate  the  fire  extlngulshant  system,  and  (2)  devel<^lng 
qualificaticxi  test  procedures  to  prove  detector  iranunity  to  fcilse  alarms  due 
to  the  presence  of  such  sources.  The  ultimate  objective  of  the  program  is  to 
IrK^rease  the  reliability  of  fire  detectors.  The  accomplishment  of  this 
cAjjective  will  help  to  increase  the  stirvivability  of  mission  essential  weapon 
systems,  minimize  Interruptlcxis  in  aircreift  ground  operatlcxis,  and  reduce 
detrlmentcil  effects  of  fire  extinguishing  agents  <xi  the  environment,  such  as 
atmospheric  ozcxie  depletlcxi. 

The  nature  and  complexity  of  operations  in  aircraft  hangars  and  support 
facilities  and  their  eissociated  fire  threats  dictate  the  need  for  very  feist, 
effective  fire  detection  and  suppression  systems.  Some  fire  threats  require 
detection  and  suppressant  activation  in  cxily  a  few  seconds.  This  requires 
high  detector  sensitivity  thresholds.  Increasing  the  sensitivity  of  a  detector 
to  detect  fires  also  results  in  the  detector  becoming  more  susceptible  to 
responding  to  ncniflre  sources  that  emit  radlatlcxi  in  the  same  wavelengths  as 
fire  events.  This  respcxise  to  ncxiflre  sources  has  caused  (and  still  is  causing) 
fedse  alai^::  and  false  actlvatlcxis  of  tte  extlngulshant  systems  (e.g.,  Halon 
1301,  Hzdon  1211,  water,  or  AFFF  foam)  at  Mr  Force  bases  cxi  many  occasic»is. 

Optical  fire  detectors  operate  on  the  basic  principle  of  detecting 
ultraviolet  and/or  infrared  emissions  from  hydrocarbcxi  fires.  Unfortunately, 
there  are  other  sources  of  such  radiations  that  are  not  fire-associated,  but 
nevertheless  cause  a  detector  to  false  alarm  or  false  activate  the  suppressant 
system.  Such  false  Marms  and  releases  of  suppressant  can  have  major  Inpact 
upon  military  operatlcxis,  result  in  financial  loss,  cause  environmental  problems 
such  as  atmosf^erlc  ozone  depletlcxi,  and  remove  the  fire  protection  system 
from  operational  status  during  refurbishment  and/or  maintenance,  therefore 
leaving  mission-essential  aircraft  unprotected  for  some  period  of  time.  In 
some  Instances  v^ere  the  frequency  of  occurrence  of  false  alarms  is  high,  the 
entire  fire  detecticxi  system  is  disconnected  awaiting  replacement,  repair, 
or  some  other  solution.  It  is  Inportant,  therefore,  tliat  fire  detectors  and 
their  electrcxilc  controllers  be  Immune  to  false  edarm  sources  and  provide  fire 
protection  at  all  times,  not  just  some  of  the  time. 

This  study  consisted  of  reviews  of  past  false  alarm  ev^ts  and  their 
possible  causes  at  selected  Air  Force  bases  in  the  United  States,  Europe  and 
Pacific.  It  also  Included  Identlflcatlcxi  and  description  of  possible  false 
alarm  sources  that  may  exist  in  or  near  cdrcraft  hangars,  hush  houses,  fueling 
doclcs,  maintenance  facilities,  and  ranps.  A  determlnatlcxi  was  made  of  v^ere 
field  measurements  could  be  made  of  the  emission  characteristics  of  these 
sources,  including  adzorcdt-aissoclated  emissions.  Mso,  a  determinaticxi  was 
made  of  the  equipments  required  for  field  measurements  and  qualification  test 
facility  measurements. 


Data  was  obtained  from  the  Air  Force  Inspection  and  Safety  Center  and 
the  Navy  Safety  Center  on  reported  fire  events  and  false  alarm  events  in 
aircraft-related  facilities/hangars  over  the  past  few  years.  About  half  of 
the  false  alarm  events  were  caused  by  mechanical  and  environmental  prciilems 
eind  the  other  half  by  lightning,  li^t  sources,  welding,  aircraft  engine  exhaust 
emissions,  and  other  phenomena. 

Information  was  also  obtained  from  fire  detector  suppliers  regarding  false 
alarm  problems.  On-site  inspections  were  made  of  fire  protection  facilities 
at  various  Air  Force  bases  and  discussions  held  with  Fire  Department,  Civil 
Engineering,  Maintenance,  and  Aircraft  Ground  Crew  personnel  ai  subjects  of 
false  alarms  and  fire  events. 

It  was  found  that  many  fcdse  alarm  events  have  occurred  and  that  in  some 
Instances  the  fire  detectloi  system  was  (and  still  is)  disconnected.  It  was 
also  found  that  thermal  gradient /rate-of -rise  detectors  had  false  alarm 
problems,  mostly  due  to  low  threshold  temperature  settings,  low  ceiling  mounting 
locatl(xi,  and  close  proximity  to  hot  aircraft  engine  exhaust.  It  was  verified 
that  a  prc^lem  does  exist  with  optical  fire  and  heat  detector  false  alarms 
and  that  they  are  predominantly  caused  by  radiative  emissicxis  from  nonfire 
sources  as  well  as  from  envircximented  conditicais  such  as  shock,  vibration, 
water  seepage,  and  soiled  detector  windows. 

False  alarm  sources  were  s^>arated  into  discrete  and  complex  categories. 

The  former  category  consisted  of  those  items  that  could  easily  be  included 
in  a  qualification  testing  facility.  Tliis  category  consisted  of  many  types 
of  li^ts  that  are  associated  with  aircraft,  facilities,  ground  equipments, 
tools,  vehicles  and  utilities.  Exanples  Include  Movie  Lamps,  Xenon  Lanqps, 
Mercury  Vapor  Lamps,  Aircraft  IFR  and  Landing  Lights,  Fluorescent  Lamps,  Sodium 
Vapor  Lamps,  and  Electronic  Flash  Lanps. 

The  complex  category  of  false  alarm  sources  consisted  of  such  items  as 
clgcu:Bttes,  matches,  lighters,  electric  eurc,  acetylene  welder,  cure  welder, 
rifle  flash,  sunlight,  engine  wet-starts,  aircraft  engines,  hot  manifolds  on 
vehicles  and  suf^xnrt  equipments,  and  afterburner  flame.  Most  of  these  types 
of  sources  cannot  be  easily  adapted  to  the  laboratory  and  need  to  be  simulated. 

It  was  assumed  that  costs  would  be  minimized  if  all  the  field  measurements 
of  the  spectral  characteristics  of  false  alarm  sources  could  be  made  at  one 
location  over  a  short  time  period.  A  survey  was  therefore  made  to  determine 
which  Air  Force  bases  had  most,  if  not  all,  false  alarm  items,  including 
appropriate  facilities  and  a  broad  contingent  of  aircraft  (e.g.,  F-15,  F-16, 
F-111,  A-10,  B-1,  B-2,  wide-body  etc.)  that  could  possibly  be  made  available. 
Edwards  Air  Force  Base  near  Lancaster,  Ccdlfomla,  was  determined  to  be  an 
ideal  location  for  the  field  measurements  program. 

A  field  measurements  data  acqulsitlcxi  plan  was  develc^aed,  along  with  a 
plan  to  develop  qualification  test  proc:edures  to  prove  detector  inmunity. 
Equipments,  matericils,  supplies  and  facilities  were  identified  for  these 
purposes. 


IV 


Ihe  st\x3y  cxmcluded  that  the  identified  false  alarm  problems  can  be  solved 
if  detector  suppliers  are  required  to  meet  more  stringent  qucilification  and 
performance  specif icaticMis.  At  present,  detector  suppliers  provide  what  they 
are  asked  to  provide  by  the  procuring  agency.  Hie  performance,  reliability, 
and  qualification  specificaticxis  must  therefore  be  expanded  and  upgraded  to 
incliide  false  alarm  Inmunlty  requirements  as  well  as  more  stringent 
envircmmental  requirements.  This  is  the  respcxisibility  of  the  Air  Force, 
although  industry's  participaticxi  in  cteveloping  these  upgraded  specifications 
and  procedures  would  greatly  accelerate  the  process  of  making  available  more 
reliable  fire  detectors  and  electronics. 

It  was  also  ooncluded  that  all  the  technical  requirements  necessary  to 
prove  feasibility  of  conducting  a  Phase  II  effort  and  in  achieving  the  ultimate 
objectives  of  the  overall  program  were  satisfied  during  the  study. 

The  results  of  the  study  are  useful  to  the  Air  Force  fire  detector  users, 
military  procurement  agencies,  and  the  detector  industry  as  a  whole.  Hie 
military  user/buyer  will  be  able  to  prepare  more  definitive  performance, 
reliability,  military  standard  otmformance,  and  quality  specifications  for 
purchase  descriptions.  A  better  understan^ng  of  equipments  and  c^ieratlons 
that  may  cause  false  alarms  will  also  help  the  Air  Force  to  Ijipose  restricticais 
and  guidelines  for  hangar  operaticms  and  fire  protection  system  ccanfiguration. 

Hie  detector  Industry  will  also  benefit  in  that  it  will  have  a  better 
understanding  of  the  causes  of  false  alarms  and  the  nature  and  properties  of 
the  false  alarm  sources.  Such  informaticHi  will  help  to  guide  R&D  in  new 
detector  design  and  qualification  testing,  leading  to  better  products,  more 
applications,  and  an  expanded  market. 

It  was  the  reoommendaticxi  of  the  study  that  a  Phase  II  effort  be  pursued 
with  diligence  by  the  Air  Force  and  that  it  be  given  hi^^  priority  because 
of  the  resulting  benefits  of  increased  aircraft  missicxi  success,  cost  savings, 
reduction  of  environmental  effects,  arx3  Increased  siirvivability  of  military 
operations  and  mission-essential  weapcxi  systems. 
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A.  OBJECTIVES 

Ihe  overall  objectives  of  this  research  were  to  determine  the 
characteristics  of  radiative  emissions  from  possible  false  alarm  sources;  to 
develop  methods  to  simulate  such  sources,  if  required,  in  laboratory  test 
facilities;  ard  to  develqp  qualification  test  procedures  which  will  help 
industry  to  develop  and  supply  detectors  that  are  inmune  to  false  alcirm  sources. 
A  major  cdjective  of  the  SBIR  Program  is  that  some  economic  benefit  result 
from  the  overall  effort.  Ihis  is  discussed  below  in  Section  I-C. 


This  Phase  I  contract  effort  was  directed  at  establishing  the  feasibility 
of  accomplishing  the  overall  program  dajectives  stated  above.  To  establish 
this  feasibility  a  number  of  si±)jects  had  be  to  reviewed,  including  (1) 
background  information  on  past  false  alarm  events;  (2)  analysis  of  possible 
false  alarm  sources;  (3)  the  locations  diere  measurements  could  be  made  on 
the  these  sources;  (4)  tlie  laboratory  and  field  optical  measurement  equipments 
that  would  be  necessary;  and  (5)  the  method  and  facility  description  necessary 
to  develop  the  shnulations  and  qualification  test  procedures. 

B.  BAa<GROUND 

The  nature  and  complexity  of  operations  in  aircraft  hangars  and  support 
facilities  present  a  number  of  potential  fire  threats.  These  fire  threats 
range  from  small  floor  fires  that  Ccin  be  easily  extinguished  with  hand-held 
extinguishers,  to  major  running  fuel  fires  consisting  of  many  gallons  of  jet 
fuel  that  must  be  rapidly  extinguished  in  order  to  protect  aircraft,  facilities, 
weapons,  eind  personnel.  Other  fire  threats  may  be  associated  wich  the  aircraft 
itself,  such  as  those  resulting  from  problems  with  engine  starts.  Three 
dimensional  fire  events  that  involve  the  aircraft,  as  well  as  the  floor,  pose 
unique  problems  in  fire  detection  aind  suppression. 

Regardless  of  the  type  of  fire  event,  it  must  be  extinguished  and/or 
controlled  to  minimize  damage  and  disruption  of  military  operations.  To  do 
this,  a  fire  detection  system  must  act  fast  to  identify  the  fire  event  and 
to  activate  alarms  and  release  fire  suppressants.  The  current  AF  requirenent 
for  optical  fire  detector  response  to  a  JP-4  fire  in  a  hangar  is  to  identify 
a  fire  of  at  least  10  feet  x  10  feet  size  at  a  distance  of  150  feet  within 
5  seconds  (Reference  1). 

Other  AF  published  information  on  performance  of  hangar  fire  protection 
systems  quotes  a  time  of  90-120  seconds  from  fire  steurt  to  90  percent  fire 
control  (Reference  2).  During  the  Hardened  Aircraft  Shelter  Fire  Protection 
System  Development  cind  Test  Program,  it  was  concluded  that  the  fire  prote^ion 
system  specification  should  be  to  detect  and  extinguish  any  fire  of  16  ft'^ 
or  more  at  any  time  and  at  any  location  in  the  hangar  within  15  seconds  after 
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fire  start,  and  typically  less  thaui  10  seconds  after  fire  start  (Reference 
3).  The  recent  B-2  Hangar  Fire  Detection  System  Specification  released  by 
the  US  Army  Ogrps  of  Qigineers  on  behalf  of  the  USAF,  required  detector  response 
to  a  12-16  fz  fire  anyv^ere  in  the  hangar  within  5  seconds  (Reference  4). 

Ihe  need  for  fast,  relicible  fire  detection  is  devious  when  mission-essential 
aircraft  and  weapon  systems  are  involved. 

Optical  fire  detectors  that  operate  in  the  ultraviolet,  infrared,  and 
visible  wavelength  regions  eure  sensitive  to  hydrocarbon  fire  emissions  and 
can  be  adjusted  in  their  sensitivities  to  detect  fires  of  different  sizes, 
located  over  a  large  range  of  distances,  within  a  range  of  response  times. 

The  more  sensitive  a  detector  is  the  faster  it  can  react  to  the  specified 
minimum  size,  maximum  distance  fire.  However,  the  greater  the  sensitivity 
of  a  detector,  the  greater  the  probability  of  response  to  nonfire,  "false  alarm" 
sources  that  also  emit  in  the  UV  and  IR  regions.  Tradeoffs  must  therefore  be 
made  between  threshold  sensitivities,  time  to  identify  a  fire  and  reliability 
against  false  alcirms. 

The  need  for  reliable  fire  detection  is  the  major  concern.  It  is  not 
cost-effective  to  install  fire  detection  systems,  then  have  to  disconnect  then 
because  they  respond  to  nonfire  sources  and  cause  false  alarms  and  false  dunps 
of  the  suppressant.  It  is  also  self-defeating  to  turn  off  a  fire  detection 
system  in  a  hangar  when  certain  activities  or  equipments  present  may  "fool" 
a  detector  into  believing  that  a  fire  exists.  A  fire  protection  system  must 
protect  the  aircraft  and  facilities  at  all  times,  not  just  some  of  the  time. 


As  discussed  later,  false  alarms  do  occur  and  are  associated  with  various 
UV,  IR,  visible,  EM  and  ionizing  radiation  emitting  sources  and  environmental 
factors  such  as  vibration,  shock  and  water  leakage. 

The  problem  then  is  how  to  assure  reliable  fire  detection  and  reliable 
performance  to  discriminate  against  possible  false  alarm  sources. 

It  should  be  clarified  that  industry  provides  optical  flame  and  heat 
detectors  that  perform  according  to  the  purchase  specifications  required  by 
the  buying  organization,  whether  it  be  the  Army  Ctorps  of  Engineers  actxng  for 
the  AF,  a  general  contractor,  a  construction  contractor  or  the  AF  itself. 

If  false  alarms  occur,  the  reasons  may  be  attributed  to  one  or  more  of  the 
following:  (1 )  the  detectors  do  not  meet  specification  or  may  have  reached 
their  lifetime  or  MTBF;  (2)  the  specification  for  the  purchase  of  the  detectors 
was  not  sufficiently  detailed  to  cover  all  the  false  alarm  sources  that  may 
be  present,  the  environmental  extranes  to  v»hich  the  detectors  and  logic 
controller  may  be  exposed,  and  the  test  procedures  required  to  prove 
reliability;  and  (3)  that  the  chauracteristics  of  optical  radiation  emitting 
equipments  aind  sources  that  exist  in  the  field-of -views  of  the  detectors  were 
not  kncwn  or  adequately  defined. 

If  specific  characteristics  were  known  for  all  possible  sources  of 
radiaticais  emd  environmental  factors  that  can  confuse  an  optical  fire  detector, 
more  detailed  specifications  could  be  written  and  more  detailed  qualification 
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test  procedures  oould  be  requested  of  industry.  The  result  would  be  more 
reliable  fire  protection. 

Examples  of  radiations  that  can  confuse  an  optical  fire  detector  include 
natuTcil  phenomena  such  as  sunlight  an!  lightning;  electromagnetic  interference 
(EMI)  from  aircraft  radar-  and  communications  systems,  hand-held  radios,  and 
NDI  items;  IR  anissions  from  aircraft  engines  and  on-board  components;  and 
UV,  IR  and  X-ray  emissions  from  aircraft  ground  equipment  (AGE)  such  as  light 
sources,  power  sources,  front-end  loaders,  janmers,  heaters,  air  conditioners, 
steam  cleaners,  non-destructive  investigative  items,  lamps,  vehicles,  and  many 
other  itans.  Sources  that  are  extraneous  to  aircraft  facilities  such  as  welding 
torches,  area  illumination  lighting,  discharges /arcing  of  transformers  on 
telep4\one  poles,  and  aircraft  afterburners  in  the  distance  can  also  be  detected 
by  optical  fire  detectors  unless  they  are  designed  and  qualified  to  "ignore" 
such  ncxi  fire  emissions. 

Ihe  costs,  operational  impacts  and  environmental  effects  may  be  large 
when  some  suppressants  are  accidentally  discharged  inside  a  hangar  and  over 
mission  essential  aircraft.  Not  only  cost  of  the  suppressant  is  a  factor,  but 
in  additicxi  are  the  related  costs  of  having  to  disassemble  and  clean  engines 
and  other  systems  on  the  aircraft  should  certain  types  of  dry  chemical,  powder 
oa:  other  suppressants  p)enetrate  into  engines  and  internal  electronic  arxJ 
mechanical  systoms.  Downtime  is  esp)ecially  expensive  for  op)erational  aircraft 
that  may  be  involved  in  a  fast  integrated  combat  turn  situation.  Downtime  of 
fire  protection  systems  due  to  refurbishment  and/or  repair/  replacement  is 
clLso  a  factor  that  can  increase  the  vulnerability  of  weapons  systems  to  fire 
events.  If  halon  was  used  as  the  suppressant  and  the  engines  were  operating 
during  the  dump,  they  would  be  extinguished  and  difficult  to  start  until  the 
halon  ocxicentration  decreased.  Also,  the  release  of  halon  into  the  atmosphere 
is  of  major  concern  today.  False  dunps  of  suppressants,  therefore,  can  seriously 
ciffect  aircraft  operations,  reduce  mission  survivability  and  have  deleterious 
environmental  effects.  Ininunity  of  optical  fire  detector  systems  to  possible 
false  alarm  sources,  vAiatever  they  may  be,  will  reduce  the  likelihood  of  false 
dunps  and,  therefore,  minimize  the  prctoleras  referred  to  above. 

Some  AF  bases  with  installed  optical  flame  and  heat  detectors  have  had 
fcdse  alarm  and  false  suppresscint  dump  prcdalans.  The  occurrence  of  such 
accidents  at  various  locations  over  the  past  few  years  was  verified  by  the 
following:  ( 1 )  during  visits  with  Fire  Department,  Maintenance  and  Engineering 
personnel  at  Beale  AFB,  Edwards  AFB,  McClellan  AFB,  Nortcai  AFB,  Hickham  AFB, 
USAFE  bases  and  PACAF  Headquarters;  (2)  review  of  information  on  AF  accident 
reports  obtadned  through  the  Naval  Safety  Center  and  the  AF  Safety  and 
Inspection  Center,  and  (3)  throu^  discussions  with  optical  fire  detector 
companies. 


All  the  blame  for  false  activations  and  alarms  cannot  be  attributed  solely 
to  the  response  of  optical  fire  detectors  to  emissions  from  nonfire  sources. 
Some  pnroblems  have  occurred  because  of  faulty  installations,  environmental 
effects  CXI  both  cJetectors  and  cjontrollers,  and  lack  of  detailed  pjerfomanca 
specifications.  As  will  be  cJemonstrated  herein,  detailed  p>urchase  desoxiptions 
that  irKilude  hi^-parformanca  oxiteria  cxjvering  environments,  reliability, 
mean-time-between-failures,  cjucility  assurance,  and  pxoof  of  performcinca  via 
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qualificatioi  tests  vrould  help  to  reduce  these  problems.  High  and  low 
temperature  extremes,  water  immersion,  shock,  vibration  from  aircreift  engines, 
fungus,  humidity,  salt  and  electromagnetic  emissions  all  contribute  to 
increasing  the  susceptibility  of  detectors  and  electronics  to  false  alarm/dump 
and  to  fail. 

C.  POTEWnAL  CXM1ERCIAL  BEtWITS 

Fire  detector  manufacturers  can  be  separated  into  two  groups.  One  group 
includes  those  companies  that  produce  military  qualified  detectors  and 
electronics  that  meet  stringent  military  specifications  and  standards.  These 
companies  anploy  DCO  quality  assurance  procedures  such  as  Mil-Std-9858A  and 
have  significant  facilities  and  equipments  required  for  qualification  testing. 
The  fire  detectors  supplied  by  these  companies  are  typically  used  for  crew  and 
engine  bay  fire  protecticxi  on  military  fitting  vehicles  and  dry  bay,  fuel  bay 
and  engine  compartment  fire  protecticxi  on  military  aircraft  and  helicopters. 

Over  10,000  of  these  military  standard-designed  and  tested  detectors  have  been 
integrated  into  military  weapons  systens.  None  of  these  devices  recjuire  UL  or 
FM  approvals,  as  the  military  standard  requirements  are  more  stringent  and  there 
is  no  need  to  satisfy  l<x:al  aDnstruc±.ion/ facility  fire  cxxJes.  These  detectors 
serve  the  sole  purpose  of  protecting  the  weapon  system  and  personnel.  They 
operate  in  dual  IR  or  single  UV  wavelengths  and  have  response  times  of  tens 
of  milliseconds.  In  some  cases  they  are  (designed  to  discriminate  hydrcx:arbon 
fires  frcm  "hot"  penetrating  and  incondiary  munitions. 

Oonpanies  in  the  second  group  primarily  market  their  fire,  heat  and  smoke 
detectors  to  cxxiitiercicil  and  industrial  buyers  vhere  the  major  application  is 
"building/  facility"  fire  protection.  These  products,  in  general,  are  not 
recjuired  to  conform  to  stringent  militciry  specifications  and  staiKlcurds,  high 
MTBFs  and  reliabilities,  or  performanco  cjualification  testing  typically  recjuired 
of  internal  aircraft  and  weapcxi  system  fire  detectors.  These  are  the  detectors 
that  are  presently  being  purchased  to  protect  such  aircraft  as  the  B-1 ,  B-2, 
F-15,  F-16,  F-111  and  other  Air  Forco  operational  aircraft,  including  their 
hangars  and  maintenanco  docks.  They  are  usually  procured  as  part  of  the  Military 
CJonstruction  Procurement  (MCP)  "building"  fire  protection  recjuiranents. 

Instead  of  being  governed  by  military  design  and  cjualificaticxi  stancJarcJs,  they 
are  ctesigned  to  conform  to  Icxxil  and  other  construction  cxxies  and  recjuire  UL 
and/or  EM  cortificxiticxi.  The  AF  recjuironents  for  the  performance  of  these 
detectors  are  included  in  AFR-88-15,  vhich  basically  recjuires  a  detector  to 
identify  a  10-fcot  X  10-foot  pan  fire  at  a  distance  of  100  feet  within  5  secxaids 
( Reference  1 ) .  The  optical  fire  detectors  supplied  by  this  group  of  cxxtpanies 
operate  in  UV/IR,  IR/IR,  IR  and  UV  bands,  have  field-of -views  of  80-  or  more 
(Jegrees  and  respcxid  to  a  fire  in  seconds. 

The  major  dlfferencjes  between  the  c^tical  fire  detectors  prcducod  by  the 
two  groups  of  companies  are  the  equality  of  components,  performance  requirements 
under  various  environmental  conditicos,  levels  of  cjuality  assurance  standards 
and  degree  of  cjualificetion  testing  imposed  during  the  manufacturing  prexoss. 

The  use  of  military  standard  compcaients  versus  the  use  of  commercial  components 
is  a  difference  that  is  reflected  in  the  product's  MTBF,  series  electronic 
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reliability  and  mission  success  reliability.  It  also  affects  the  logistic  life 
cycle  costs. 

Uie  proCTjrement  procedures  to  purchcise  the  above  two  products  are  different. 
In  the  former  case  a  request  for  proposal  (RFP)  is  released  to  potential 
suppliers  through  the  weapon  system  manufacturer  or  the  military  system 
procurement  office  (SPO).  The  RFP  includes  detailed  specifications,  testing 
and  performance  requirements.  Ihe  competing  companies  must  submit  technical 
proposals  and  verify  that  they  conform  to  all  design,  test,  reliability,  quality 
and  performance  requirements.  Proof  that  QA  procedures  such  eis  Mil-Std-9858A 
cire  in  effect  must  also  be  provided  in  the  proposal.  Installation,  wiring, 
ocxmectors,  parts  qucility  and  other  electrical /mechanical  items  are  specified 
according  to  militciry  standarxJs. 

In  the  latter  ceise  the  fire  detection  and  suEpression  systems  are  usually 
included  ais  part  of  the  facility  protection  requirement  and  are  procured  through 
construction  contractors  via  the  Army  Ctorps  of  Engineers  where  minimum  price 
is  a  major  factor  (but  not  the  sole  factor)  in  selecting  the  winner.  Selecticxi 
of  the  fire  detection  system  is  not  made  by  the  Air  Force  (or  SPO) ,  but  rather 
by  the  low  bidder /winner  of  either  the  ccxistruction  contract  or  fire  protection 
system  and  installation  contract.  Hie  entire  job  is  bid  cis  cxie  cost  package 
and  the  bidder  hats  the  latitude  to  select  whatever  fire  detection  system  that 
falls  within  his  pricing  motives  eis  Icng  as  the  basic  performance  requirements 
and  specifications  are  met.  If  certificaticai  (UL  or  EM)  can  be  cited  that  the 
detectors  conform  to  basic  fire  response  requirements,  the  detector  is 
basically  qualified  for  purchase. 

Oonmercial/industrial  detectors  can  iDe  purchased  frcm  an  "approved"  GSA 
Federal  Supply  Schedule  at  a  pre-negotiated  price.  No  military  stendard 
detectors  are  ai  this  list.  An  Air  Fbrce  base  can  purchase  detectors  can  this 
approved  schedule  directly  from  the  manufacturer  without  formal  requirements 
for  a  proposal  or  price  quote.  The  criteria  employed  in  getting  a  detector 
listed  on  this  schedule  does  not  include  specificatiois  of  reliability  for  false 
edarm  immunity  discussed  herein.  Such  a  requirement  may  help  in  the  future 
to  reduce  the  occurrence  of  fedse  alaum  events. 

An  Air  Ebrce  objective  of  this  SBIR  Program  is  to  increase  the  reliability 
of  conmercial/industrial  fire  detectors  for  military  hangar  applicaticais  by 
developing  appropriate  false  alarm  iniminity  qualification  test  procedures  that 
can  be  easily  performed  by  detector  manufacturers  and  independent  certified 
testing  companies. 

The  above  test  procedures  and  specifications,  if  adhered  to  by  industry, 
will  result  in  detectors  that  have  increeised  iinnunity  to  fcdse  alarm  sources 
and  provide  the  upgrade  in  reliability  desired  by  the  AF.  Suppliers  will  also 
have  products  that  are  availing  in  other  high-tech  commercial  applications. 

As  more  high-tech,  military  applicatic»i  products  are  sold,  the  lower  will  be 
the  cost  for  standard  industriad  applications. 

Hie  SBIR  guidelines  require  that  a  commercial  benefit  result  after  the 
Phase  II  effort.  Hie  potential  commercial  benefits  resulting  from  this  SBIR 
program  include  the  following;  (1)  increased  detector  reliability  could  result 
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in  a  greater  product  demand,  especially  in  the  military  and  high-tech  user 
sectors;  (2)  as  the  quantity  of  products  sold  increases  the  production  costs 
would  decrease  and  the  price  saving  may  be  passed  along  to  the  buyer  (cilso, 
as  the  prices  decrease  the  meirket-of-interest  would  expand,  thus  increasing 
sales  potential);  (3)  industry  would  have  the  opportunity  during  the  SBIR  Kiase 
II  development  effort  to  participate,  thus  reducing  initial  costs  for  start-up 
R&D  to  meet  the  false  cdarm  specifications;  (4)  the  results  of  an  SBIR  Phase 
II  effort  could  also  be  integrated  into  the  design  and  development  of  other, 
new  technology  fire  and  intrusicxi  detectors,  such  as  machine/ooitputer  vision; 

(5)  industry  may  be  able  to  provide  reliable  fire  detectors  for  special  purpose 
applicaticMis  such  as  B-2  Hangars  and  hypergolic  fuel  fires,  thus  expanding  market 
sales  volume;  (6)  there  may  be  direct  application  to  AF  space  systems  (USAF 
SPACECXDM)  and  related  activities;  (7)  detector  reliabilities  may  be  realized 
for  such  applications  as  Hardened  Aircraft  Shelters  at  USAFE,  PACAF  and  NATO 
bases,  Flow-Ihrou^-Alert-Hangeirs  at  various  AF  bases,  and  B-2  and  other  large 
hangars;  (8)  the  US  detector  industry  may  have  a  better  product  and  may  be  able 
to  coipete  more  effectively  in  the  international  marketplace;  and  (9)  as  the 
detector's  performance  increases  so  would  the  applications. 

D.  SC»PE/APPROACH 

Fire  protecticm  system  requirements  and  false  alarm  source  problems  were 
reviewed.  Additicaial  informaticxx  was  dotained  by  visiting  the  Air  Force  bases 
stated  in  the  Preface  Section  and  meeting  with  Fire,  Civil  Engineering  and 
Aircraft  Maintenance  Department  perscxmel.  More  detailed  informaticxi,  was 
requested  via  a  message  from  the  AFESC  Director  of  Fire  Protection  to  all  base 
Fire  Chiefs.  Responses  to  this  request  were  not  received  in  time  to  be  included 
in  the  Ehase  I  study  effort,  but  would  be  available  at  the  beginning  of  a 
Ihase  II  effort. 

Data  CXI  recent  reported  false  alcirra/false  dun^)  events  that  resulted  in 
some  fincincial  impact  were  obtained  from  the  Navy  Safety  Center.  Ihese  data 
cxjvered  mishaps  in  hangars  during  1987  and  1988.  These  specific  data  are  not 
releasable  in  this  report  but  can  be  cfctained  through  appropriate  government 
channels.  The  occnirrenc«  of  other  non  reported  events  were  verified  in 
discussicxis  with  Air  Force  base  Fire  Department,  Aircraft  Operations, 

^felintenanc»,  Engineering,  and  Meinagement  personnel,  and  in  reviews  of  lechers/ 
notdoooks  during  on-site  visits. 

Detecrtor  cxxnpanies  provided  informaticxi  on  some  rec^ent  false  alcunm  events 
in  hangars. 

Data  were  also  obtained  from  the  Air  Force  Inspection  and  Safety  Center 
on  aircraft-related  hangar  fire  events.  These  events  were  documented  in  suinnary 
reports  of  Jet  Fuel  Starter (JFS)-cisscx:iated  fire  events  between  1978  and  1988 
involving  F-15  and  F-16  airc:raft.  Cart  Starter-associated  fires  between  1976 
and  1988  involving  F-4  ciircraft,  and  grcxind  mishap  fires  in  hangars  from  all 
causes  betweoi  1979  and  1988.  These  data  are  also  not  releasable  in  this  report 
but  can  be  obtained  for  government  use  throu^  afpropriate  ohannels. 
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Some  preliminary  informaticxi  on  spectral  emissions  was  obtained  from 
manufacturers  of  li^t  sources  and  Non  Destructive  Inspection  (NDI)  items. 

These  data  were  cumlyzed  for  UV  spectral  emissicai  characteristics. 

The  detector  industry  was  informed  of  the  SBIR  study  objectives  via  a 
press  release  and  through  telephme  conversations  during  the  course  of  the 
study. 

As  a  requirement  to  determine  feasibility  of  conducting  a  Ihase  II  effort, 
discussions  were  held  with  Air  Force  personnel  at  the  locations  stated  in  the 
Preface  Section  regarding  the  availability  of  specific  "false  alarm"  sources 
and  the  possibility  of  using  Air  Base  facilities,  aircraft  and  equipment  to 
ocMiduct  field  measurements  of  radiative  emissions. 

The  physiccd  and  performance  characteristics  of  the  laboratory  equipment, 
field  measurement  equipment,  and  data  recording  equipment  required  to  conduct 
the  Phase  II  field  and  lab  measuranents  were  identified.  A  detailed  analysis 
should  be  made  at  the  beginning  of  the  Riase  II  effort  to  locate  and  acquire 
the  most  cost  effective  equipments  outlined  in  Section  III-E. 

The  recommendations  on  vdiere  to  make  field  measurements  and  vhere  to  locate 
a  qualification  test  laboratory  were  primarily  based  on  cost  considerations. 

For  exairple,  Edwards  AFB  hcis  available  cilmost  every  type  of  edrcraft-of- 
interest,  including  the  B-2,  and  has  most,  if  not  all,  of  the  facilities,  AGE, 
NDI  equiproent/facility  and  false  alarm  sources  required  to  the  ccwiduct  of  the 
Ihase  II  effort.  If  travel  is  necessary  to  obtain  such  measurements  in  more 
than  one  geographical  region  there  would  be  added  cost  impacts  due  to  additional 
labor,  transportation,  packing,  shipping,  equipment  calibraticxi,  connunicaticais, 
lodging/per  diem  and  other  items. 

Repeat  visits  and  rescheduled  measurements  at  the  selected  Air  Force 
base(s)  will  prxhably  be  required.  Because  the  equipments  necessary  for  these 
measuranents  would  be  the  same  as  those  used  in  the  qucilificatiOTi  test 
procedures  lab,  it  would  be  prudent  and  cost-effective  to  give  priority  to 
locating  the  queilification  test  lab  within  the  geographical  region  where  the 
field  measurements  would  be  made.  This  is  especicilly  true  for  the  aircraft- 
eussociated  measurements  because  the  availability  of  spsecific  aircraft  may  be 
difficult  to  schedule  in  advance,  thus  requiring  respxonse  at  short  notice. 
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The  requlrem^t  to  cdiciracterlze  optical  fire  detector  false  alarm  sources 
was  previously  determined  by  the  AFESC  and  formed  the  basis  of  the  SBIR  program 
descript  icxi/  cinnounoement . 

The  Phase  I  effort  was  directed  explicitly  at  proving  feasibility  of 
conducting  the  Phase  II  effort  and  accomplishing  the  goals  of  the  overall 
program  as  so  specified  in  the  SBIR  AF89-063  published  description.  In  order 
to  prove  feasibility,  it  was  assumed  that  a  number  of  technical  and 
adnnlnistratlve/manageraent  requirements  had  to  be  satisfied.  Ihis  secticxi 
specifies  the  requiremoits  addressed  in  this  contractual  effort. 

A.  TE9CHNICAL  RBQUIREMEMTS 

The  technlccil  requirements  addressed  in  this  effort  are  as  follows: 

1.  Itevlew  of  sources  that  may  emit  radiations  that  can  possibly  cause 
false  cdarms. 

2.  Determination  of  how  and  vhere  the  spectral  emissicxis  from  such 
sources  can  be  measured  and  characterized. 

3.  Substantlatlcxi  that  such  sources  identified  above  could  be  made 
available  and/or  obtainable  for  measurement  purposes. 

4.  Determination  of  equlpnent  needed  to  make  the  above  measurements. 

5.  Developnnent  of  an  effective  field  testing  program  approach. 

6.  Determination  of  the  laboratory  requirements  and  approach  to  develop 
simulations  eind  to  develop  qu£LLlflcatl<xi  test  procedures  to  demonstrate  imnunity 
of  both  detectors  and  detecticxi  systems  to  discrete  and  oonplex  false  alarm 
sources  specified  herein. 

B.  MANACaWENT  AND  ADMINISTRATIVE  REQUIREMENTS 

These  requirements  Included  the  following: 

1 .  Determination  that  the  program  can  be  accomplished  within  time  and 
cost  guidelines  consistent  with  a  P^iase  II  program  effort  as  set  forth  in  the 
DOD  SBIR  1989  Announcement. 

2.  Determination  that  arrangements  and  ooordinatl<xi  can  be  accomplished 
with  Air  Fbroe  bases  for  the  field  effort. 
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This  section  addresses  the  technical  requirements  stated  in  Section  II 
and  what  acoonplishments  were  made  during  the  Phase  I  contract  to  prove 
feasibility  of  meeting  the  overall  program  objectives  of  increasing  the 
reliability  of  optical  fire  detectors  against  possible  false  alarm  sources. 

A.  OPTICAL  FIRE  DETBCn»S 

Hydrocarbcxi  fires  emit  radiation  in  the  wavelength  range  of  about  180 
nancroeters  to  about  5  micrometers  (see  Figures  1,  2  and  3).  This  range  includes 
the  ultraviolet,  visible  and  infrared  regims  of  the  electromagnetic  spectrum. 

Figure  1  shows  the  UV  emissions  from  JP-4  fuel  burning  at  sea  level. 

The  figure  is  sepetrated  into  three  parts  that  are  extensions  from  left  to  right. 
The  plot  on  the  left  shows  the  spectral  radiant  int|nsity  of  200-240  nanometer 
UV  emission  over  the  range  of  about  zero  to  8  x  10  Watts  per  nanometer  per 
steradian.  The  middle  plot  is  a  cwtinuaticxi  of  the  left  plot  vdiere  the  ordinate 
extends  from  9x10~-to8x10~  -Watts  per  ncuicroeter  per  steradian  over  the 
wavelaigth  range  of  240  throu^  280  nanometers.  'Ihe  plot  at  the  right  is  a 
oontinuaticxi  of  the  middle  plot  and  shows  a  ocmtinuing  rise  in_^ergy  emissic«i 
from  280  nanometers  throu^  the  peak  intensity  level  of  4  x  10”  Watts  per 
nanometer  per  steradian  at  310  nanometers.  The  emission  curve  then  decreases 
at  a  fast  rate  at  wavelengths  greater  than  310  nanometers. 

Figure  2  shows  the  broad-band  emissicxis  in  the  visible  and  near-infrared 
regions  for  JP-4  burning  at  various  atmospheric  pressures.  It  is  apparent 
that  most  of  the  near  infrared  energy  is  contained  in  the  wavelength  range 
of  about  1.2  throu^  2.0  micrometers. 

Figure  3  shows  an  extensicxi  of  Figure  2  into  the  far-infrared  regicxi. 

Note  the  predomincint  emission  peak  at  4.3  micrometers. 

In  selecting  the  specific  wavelength  bands  to  detect  fires  it  is  inportant 
to  determine  v^t  regions  also  contain  high  intensities  of  background  radiatiOTi, 
such  as  from  the  sun,  that  could  cause  "fedse  edcuons."  In  the  infrared  regicHi, 
hydrtxarbon  fires  emit  strongly  in  the  4.1-  to  4.6-microroeter  reinge,  while 
very  little  solar  radiaticxi  in  this  regiai  penetrates  the  atmosphere  due  to 
cartoon  dioxide  absorption  (see  Figure  4).  Ihe  neumrow  emission  band  located 
at  4.3  micrometers  is  usually  chosen  as  the  oenter  of  the  infrared  detection 
band  because  it  is  the  predominant  emission  line  from  CX>2  in  the  flame  front. 

In  the  ultraviolet  region,  very  little  soleu:  radiation  in  the  wavelength 
rctnge  of  180-  to  220-micrometers  penetrates  the  atmosphere  due  to  water 
absorption  (see  Figure  4).  In  the  range  of  240-  to  atout  290-nanometers  the 
atmos^ere  is  relatively  transpjarent,  thus  having  little  effect  an  UV 
transmission.  Hydrocarbon  fires  emit  UV  radiation  in  this  regicxi  and  aure 
therefore  easily  seen  in  the  UV  because  little  background  UV  "noise"  exists. 
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Spectral  Radiant  Intensity  (Wnm*'  ir 


Wavelength  (nm) 


Figure  1.  Spectral  Radiant  Intensity  of  JP-4 

Burning  at  Sea  Level  (200-320  nm) 
(Reference  5) 


Wavelength  (f/ml 


Figure  2.  Visible  and  Near  Infrared  Emissions  from  JP-4 

Burning  at  Various  Altitudes 
(Reference  5) 
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Figure  3.  Far  Infrared  Bnnissions  from  Figure  4.  Spectral  Irradiance  vs-  Wavelength 

JP-4  Burning  at  Sea  Level  for  Solar  Radiation 

(Reference  5) 


To  reduce  solar  radiaticxi  influence  c»i  the  performance  of  an  optical  fire 
detector,  UV  and  IR  measurement  bands  should  be  chosen  where  the  solar 
background  radiation  is  minimal  and  vhere  the  atmosphere  has  little  effect 
on  the  transmittance  as  shown  in  Figure  4.  This  is  vhy  most  detectors  operate 
in  the  above  bands,  typically  centered  at  or  near  240-  to  290-nanometers  and 
4300  nancineters  respectively. 

Most  detectors  today  ccxisist  of  single  or  multiple  channels  of  UV  and/or 
IR  sensors  vhose  outputs  cure  processed  in  various  ways  to  reach  an  "cilarm" 
or  "fire"  decision.  Some  detectors  also  utilize  optical  flame  flicker  as 
another  data  ir^t  to  provide  more  specificity  of  a  hydrocarbon  fire  (typical 
flicker  between  5  and  30  Hz).  The  technology  of  UV  and  IR  sensing  is  well 
estckblished  cind  offers  a  number  of  benefits  such  as  self -testing  throu^  the 
use  of  built-in  einitters  that  are  automaticcLily  activated  at  some  preset 
interval  of  time. 

The  more  detailed  spectral  emissicxi  data  chtained  by  a  detector,  the  more 
specific  determination  of  the  physical  nature  of  the  radiaticxi  emitting  source 
can  be.  In  other  words,  if  the  exact  spectral  emission  characteristics  of  the 
many  types  of  fire  and  false  alarm  sources  were  known  and  if  a  detector  could 
measure  such  high-resolution  spechral  emissions  and  onmpare  them  against  a 
library  of  stored  spectral  data,  a  very  acxnirate  determination  of  the  nature 
of  the  source  would  be  possible.  This  technique,  used  in  Iciboratory  specrtroscxopy 
would  be  beneficial  in  fire  detector  signal  processing  but  it  requires  a  very 
large  stored  data  base  and  very  large  amounts  of  hi^-resolution  spectral 
measurements  over  a  broad  spectrum  frcro  UV  through  the  IR.  The  use  of  machine 
vision  technology  may  provide  this  specificity  without  the  need  for  large 
amounts  of  high-resolution  spectral  data  input. 

Today's  detectors  do  not  measure  discnrete,  narrow  line  emissions  and  are 
not  specific  in  discximinating  between  the  nature  of  radiation  sources  they 
detect.  For  this  reason  measurement  of  very  fine,  high-resolution  spectral 
emlssicxis  of  each  and  every  possible  false  alarm  sourc:e  may  not  be  necessary, 
although  ncunraw-band  emission  measurements  in  the  UV  may  be  helpful  in 
quantifying  fire  detector  respcxises.  The  IR  emissions  frcm  "hot"  bcxiies  are 
very  broad-band,  black  body- type  of  emissicxis  with  little  predcminant  spectral 
emissicxvs  for  hydrocarbcsn  fires  except  near  3.0-  and  4 . 3^nicaroroeters  (Figures 
2  and  3). 

The  following  disc:ussions  include  the  various  types  of  radiation  emitting 
sources  to  vhich  optical  fire  detector's  must  be  iitimme;  results  of  some  first¬ 
hand  surveys  into  the  false  alarm  prchlem;  field  measurement  requirements; 
simulation  approaches;  and  qualification  test  proc^edures  development. 

B.  FIRE  THREATS  AND  FIRE  EVENTS 

There  are  severed  potential  fire  threats  in  an  aircraft  hangar  environment. 
In  the  extreme  case,  a  catastrophic  event  may  ocour  in  less  than  one  minute 
after  a  major  fuel  spill  fire.  Other  fire  events  may  also  result  in  significant 
damage  to  aircaraft  if  not  extinguished  rapidly.  Bum-off  times  for  pyrotechnic 
items  may  be  of  the  order  of  minutes  or  so.  Regardless  of  the  times  of  various 
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stages  of  damage  resulting  from  internal  aircraft  and  floor  hydrocarbon  fires, 
there  is  normally  some  cost  impact.  There  is  also  the  danger  of  personnel 
injuries  and  the  impact  cai  a  military  operation  to  carry-out  missions. 

Reducticxi  in  vulnerability  and  increased  survivability  of  aircraft  and  military 
operaticais  is  ein  objective  of  the  DCD. 

Fires  may  result  from  a  jet  fuel  spill  on  the  floor,  drop  of  a  wing  tank, 
backfire/wet-start  of  an  engine,  failure  or  backfire  of  a  Jet  Fuel  Starter 
(JFS),  breakage  of  a  fuel  or  hydraulic  line,  overflow  of  fuel  from  wing  vents 
impinging  a  hot  exhaust  pipe  on  an  Aircraft  Ground  Equipment  (AGE)  item,  or 
a  spark  from  a  dropped  tool  or  electric  arc  on  a  pool  of  fuel  on  the  floor. 
Regardless  of  the  nature  of  the  fire,  all  require  rapid  identification  and 
extinguishment.  Optical  fire  detectors  provide  the  necessary  fast  reaction 
times  to  meet  these  fire  threats. 

As  cin  example  of  a  major  fire  threat,  a  fuel  truck  inside  a  hangar  backed 
into  the  haingar  doors,  split  open,  and  dropped  himdreds  of  gallons  of  JP-4 
cn  the  floor.  There  were  no  major  ignition  sources  present  at  the  time  (such 
as  engines  running,  etc.)  and  no  fire  resulted.  However,  this  could  have  been 
a  catastrophic  event  requiring  very  fast  fire  detector  response  and  suppressant 
release. 

According  to  data  provided  by  the  AF  Inspjection  and  Safety  Center  (this 
data  is  only  available  for  appropriate  government  lose) ,  about  80  fire  events 
were  reported  in  the  pjast  10  years  in  Air  Force  aircraft  hangars  and  hush  houses 
and  on  trim  pads  and  ramps.  Of  these  80  events,  about  60  were  inside 
hanqars/facili ties .  About  20  of  these  events  were  associated  with  intemnal 
aircraft  fires,  20  due  to  maintenance  mistakes  and  electrical  failures  and 
20  due  to  AGE  item  fires.  Approximately  35  of  these  events  required  the  Fire 
Department's  assistance  to  extinguish  the  fire.  The  others  were  extinguished 
with  hcind-held  extinguishers.  The  cost  impact  of  these  80  fires  was  reported 
to  be  $8.4  million  damage  to  aircraft  and  AGE  and  $48  million  hangar  loss  (one 
event).  Ncxie  of  the  reports  of  these  events  referenced  the  existence  of  optical 
fire  detectors  or  automatic/manual  fire  supjpression  systans  in  any  hangar. 

In  addition  to  the  cibove  reported  fires,  there  were  other  hangeu:  fires 
that  were  not  reported  because  no  significant  financial  loss  was  incurred  in 
the  events,  such  as  Class  C  (at  least  $10,000  loss).  The  occurrence  of  such 
events  was  verified  during  visits  with  AF  psersonnel  at  the  locations  stated 
in  the  Preface  Section. 

There  have  been  other  fires  that  were  directly  associated  with  Jet  Fuel 
Starters,  cartridge  stcu±s,  and  engine  preplans.  Data  obtained  from  the  Air 
Force  Inspjection  and  Safety  Center  indicates  that  94  such  events  were  reported 
over  the  past  10  years  that  involved  F-4,  F-15,  and  F-16  aircraft  only  (data 
related  to  other  aircraft  was  not  requested).  Although  most  of  these  reported 
events  occurred  on  the  ramp,  they  could  have  just  as  easily  occurred  in  hangars 
if  the  hcingctr  opjerations  procedures  pjermitted  such  aircraft  engine  opjerations 
(e.g.,  "hot  integrated  combat  turns").  Other,  smaller  fire  events  occurred  in 
hangars  but  were  not  reported  because  they  either  did  not  satisfy  the  "minimum 
financicil  loss"  criteria  or  for  some  other  reason.  The  occurrence  of  these 
smellier,  non  reported  events  was  verified  during  discussions  with  aircraft 
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maintenance  personnel  at  various  AF  bases.  Their  frequency-of -occurrence  is 
presumably  low.  Ibese  JFS-type  of  events  can  constitute  both  a  fire  threat 
as  well  as  a  potential  "nuisance"  alcuro  source  that  could  result  in  a  full 
suppressant  dunp  vdien  only  a  hand-held  extinguisher  is  needed. 

C.  IDENTIFIGATION  OF  POSSIBLE  SOURCES  OF  RADIATIOKS)  THAT  OOULD  CAUSE  FALSE 

ALARMS/ACnVATICWS  -  TECHNICAL  RBQUIREME3SIT  1 

In  addition  to  hydrocarbon  flame  fires,  there  exist  other  sources  of 
radiation  emissions  in  and  nectr  aircraft  facilities  that  may  satisfy  an  optical 
fii.e  detector's  threshold  requirements  for  the  presence  of  a  fire.  Some  of 
the  false  alarms  and  accidentcil  dumps  of  suppressant  that  have  occurred  in 
aircraft  hangars  eind  facilities  were  the  result  of  the  presence  of  one  or  more 
non  fire  sources  in  the  field-of-view  of  the  detectors.  For  exanple  some  recent 
false  cilcunns  that  were  reported  by  AF  base  pjersonnel  during  the  Phase  I  effort 
were  due  to  one  or  more  sources  outside  the  hangars  such  as  AGE,  welding, 
lightning,  lights  and  transformer  arcing  that  could  be  seen  by  the  detectors 
inside  hangar  units. 

Also,  discussions  with  Air  Force  piersonnel  and  industry  representatives 
revealed  the  occurrence  of  other  false  alarms  due  to  engine  starts.  X-rays 
and  various  light  sources. 

Environmental  factors  also  contributed  to  some  of  the  accidental  alarms 
and  activaticxis  that  were  communicated  by  AF  base  personnel  during  the  course 
of  the  Phase  I  study.  These  included  shock,  aircraft  engine-induced  vibration 
(and  failure)  of  electronic  conponents  and  water  intrusion  into  detectors  and 
controllers. 

There  cure  various  typjes  of  radiation-onitting  sources  associated  with 
aircraft,  hangeurs,  facilities,  extraneous  activities,  ground  suppxjrt  equipment, 
tools  and  test  equipment.  Natural  phenomena  such  as  lightning  and  solar 
radiation  have  been  historical  problens  with  UV  fire  detectors.  Some  itans 
in  these  categories  do  not  have  direct  emissions  in  wavelength  regions  in  vhich 
optical  fire  detectors  operate  but  under  certain  conditions  can  directly 
influence  the  pierformcince  of  a  detector  or  the  electronics  circuitry.  For 
example,  a  mercury  vapor  lamp  hcis  a  distinc±  UV  line  emission,  but  the  glass 
lens  that  covers  the  bulb  is  supposed  to  absorb  the  UV.  If  the  lens  is  cracked 
or  broken,  UV  radiaticxi  would  escape.  Figures  5-17  show  Vcurious  AGE  items 
that  have  emissions  in  the  UV  and/or  IR. 

Another  example  is  that  non  destructive  testing  devices  such  as  X-ray 
machines  (see  Figure  18)  cure  used  to  identify  cracks  in  aircraft  structures. 
These  X-ray  emissions  can  directly  affect  a  UV  sensor  if  a  UV  vacuim  tuto 
(kjasically  a  Geiger  counter)  is  utilized  as  the  sensing  element,  which  is  the 
conroon  case.  IR  sensors  cind  electronics  can  also  be  affected  by  X-rays.  A 
recent  test  at  Bdwcurds  AFB  indicated  that  a  UV/IR  detector  can  be  affect  by, 
and  alarm  to,  160  KeV  X-rays  that  originate  at  over  200  feet  distance  from 
the  (ietec±or.  Also,  detectors  may  be  influenced  by  the  EMI  emitted  from  an 
X-ray  machine's  power  supply. 
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Figure  5. 


Figure 


MHu  83B-E  Bomb 
Lift  Truck  (note 
hot  exhaust  manifold 
that  is  exposed 
during  operations) 


6.  A-M32A-95 

Turbine  Compressor 
(note  large 
exhaust  area 
flame/back-fire 
events  occur) 


Figure  7.  NF2  Light -All 
Cart  with  400W 
Hg  Vapor  Larnps 


Figure  8.  TF-1  Light -All  Cart  (uses  lOOOW  Metallic  Vapor  Lanps) 
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Figure  9.  MAIA  Gas  Turbine  Ccnpressor 


Figure  10.  Air  Compressor  that  uses  JP-4 


Figure  12.  MJ2A  Hydraulic  Test  Stand 


i~228B-E  Hydraulic  Test  Stand  Figure  17. 


Figure  18a.  Sperry  200  KeV  X-Ray  Unit 


Figure  18b.  Sperry  300  KeV  X-Ray  Unit 
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It  is  important  to  identify  all  possible  sources  of  radiation(s)  that 
Ccin  be  detected  by  an  optical  fire  detector,  and  to  specify  their  emissicai 
characteristics  to  such  a  degree  that  specifications  can  be  written  for  false 
alarm  inmunity  qualification  tests  that  can  be  easily  conducted  by  the 
raanvifacturer  or  a  certified  testing  laboratory. 

Fran  October,  1986,  through  September,  1988,  22  false  alarm/false  dunp 
events  were  reported  by  AF  bases  to  the  Navy  Safety  Ctenter  (these  data  are 
only  available  through  appropriate  government  channels).  About  half  of  the 
events  were  caused  by  mechanical  and  environmental  problems  and  the  other  half 
due  to  lightning,  light  sources,  welding  and  engine  exhaust  onissions. 

In  addition  to  these  22  reported  false  alarm/ false  dunp  events  other  events 
have  occurred  in  AF  hangctrs  during  the  past  1-2  years.  Examples  of  these 
"other"  events  were  obtained  during  conversations  with  AF  personnel  and  fire 
detector  suppliers  who  were  knowledgeable  of  the  events.  One  or  more  events 
occurred  at  Beale  AFB,  Lajes  AFB,  Wright  Patterson  AFB,  Luke  AFB,  Hickham  AFB, 
Andrews  AFB,  Tinker  AFB,  Kadena  APB,  Edwards  AFB,  Osan  AFB,  Masawa  AFB,  and 
Air  Nationad  Guard  hangaurs  at  St.  Louis,  New  York,  Syracuse  and  Pittsburgh. 

Some  bases  experienced  many  false  alarm  events  and  disconnected  all  detectors. 

The  following  causes  of  the  above  events  were  identified  by  AF  and  industry 
personnel:  (1)  hot  engine  exhaust  during  aircraft  start-up,  thus  setting  off 
overhead  thermal  gradient,  rate-of-rise  detectors;  (2)  faulty  electronic 
components  in  controller  causing  cross  zoning  of  detector  outputs;  (3)  X-rays 
160  KeV  X-ray  NDI  device;  (4)  flames  and  IR  anission  from  overhead  heaters 
at  start-up;  (5)  arcing  of  transformer  cxi  power  pole  at  100  yards  distance 
from  hangar;  (6)  sodium  vapor  lamps  without  proper  quartz  lens  covers,  thus 
allowing  UV  emission;  (7)  UV  emissions  of  so^um  vapor  lamp  starter;  (8) 
ccxicurrent  welding  and  heat  treating  of  aircraft  structure;  (9)  water  leakage 
into  controller  and  detectors;  (10)  fiioto  flood  lights  without  glass  shatter 
shields  that  were  used  in  making  training  films;  (11 )  dirty  lenses  on  detectors 
(poor  maintenance)  thus  causing  fault  alarm  to  go  off  in  fire  station,  resulting 
in  fire  depeurtment  scrambles;  (12)  Rf  transmissions  of  5-Watt  hand-held  Walkie 
Talkies;  (13)  lightning;  (14)  flame/ exhaust  from  M-60  and  other  JP4/Diesel 
AGE  equipments;  (15)  welding  in  the  distance  and  hot  manifold  of  front  loader 
close  to  detector;  and  (16)  mechanical  failure  of  components  in  controller 
due  to  induced  vibrations  from  aircraft  engines. 

The  false  alarm/durtp  events  associated  with  overhead  thermal  gradient 
detectors  were  due  to  hot  aircraft  and  AGE  exhausts.  According  to  a  Fire 
Department  staff  motiber  at  a  California  AFB,  at  least  10  such  events  occurred 
consecutively,  resulting  in  the  loss  of  1500  gallons  of  AFFF.  About  20  other 
events  followed  due  to  the  same  cause  but  suppressant  dumps  were  curtailed 
through  manual  intervention.  The  fire  protection  system  was  deactivated 
awaiting  detector  replacements  and/or  redesign. 

The  above  events  may  not  have  resulted  in  great  financial  loss,  but  they 
did  curtail  the  utilization  and  readiness  of  mission-essential  aircraft. 

A  summary  of  false  alarm  and  false  dump  events  at  Air  Force  bases  was 
requested  during  the  Phase  I  study.  These  reports  were  not  available  in  time 
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tX3  be  considered  in  the  Etiase  I  study.  Hiey  will  be  available  however,  for 
use  in  a  Phase  II  effort. 

In  this  Phase  I  study  possible  false  alarm  sources  have  been  divided  into 
two  categories:  (1)  discrete  sources,  and  (2)  complex  sources.  Ihe  former 
category  consists  of  those  itans  that  are  readily  available  and  can  be  mounted 
in  fixtures  in  a  test  facility  and  exposed  to  a  detector  without  any  obstruction 
of  field-of-view.  Various  types  of  lights  fcill  into  this  category. 

Complex  sources  are  those  that  cannot  be  easily  mounted  in  a  laboratory 
test  fixture  and  v^ich  may  be  spurious  emitting  sources  as  opposed  to  continuous 
emitting  sources  such  as  lights.  Examples  include  arc  welders,  acetylene 
torches,  matches,  kerosene  heaters  with  fans,  EM  onissions  from  jaimiers  and 
coimiunications  cind  backfire/wet-stcu±  events  from  AGE  and  aircraft  engines. 

1 .  Discrete  Sources  Of  Radiations  That  May  Affect  Optical  Fire  Detectors 

Hie  following  discrete  sources  were  identified  during  AF  base  visits/ 
inspections  and  from  reviews  of  past  work  on  this  subject  (References  3  and  6). 
Ihese  are  potential  fcilse  alarm  sources  that  warrant  further  investigation 
of  spectTcil  emissions  and  effects  on  optical  detectors.  The  list  is  not  all- 
inclusive  and  would  possibly  be  expanded  at  the  beginning  of  a  Phase  II  effort. 


I3VBC£  1 .  DISaiErffi  E!VI£E  AIAEM  SOURCES 


1. 

500  -  1500  W  Qucurtz  Halogen 

12. 

Ambulance  Strobes 

2. 

400  -  1000  W  Mercury  Vapor 

13. 

Vehicle  Spotlights 

3. 

1000  W  Multi vapor 

14. 

Movie  Lamps 

4. 

Flxxjrescent 

15. 

600  W  Quartz 

5. 

Electronic  Flash-Graflite 

16. 

Xenon  Lanps 

6. 

Flcishlights 

17. 

High  Pressure  Sodium  Lamps 

7. 

Vehicle  IR  Lights 

18. 

Aircraft  Landing  Lights 

8. 

Vehicle  Headlamps 

19. 

Aircraft  Tail  Lights 

9. 

Inccindescent  100  W  Rough  Service 

20. 

Aircraft  IFR  Light 

10. 

Red  Dome  Lights 

21. 

Aircraft  Strobe  Li^ts 

11. 

Ambulance/ Police  Car  Light  Bars 

22. 

Aircraft  Wing  Tip  Lights 

Some  sources  cure  included  because  their  thermal  emissions  may  be 
sufficient  to  affect  a  detector,  especially  if  they  are  located  near  the 
detector.  Others  are  associated  with  equipment  such  as  the  Light-All  Cart  that 
can  have  as  many  as  six  1000-Watt  Mercury  Vapor  or  Multi vapor  Lamps,  thus 
producing  heat,  and  possibly  UV  if  a  lens  is  broken,  cracked  or  missing. 

2.  Conplex  Sources  Of  Radiations  That  May  Affect  Optical  Fire  Detectors 

Hie  following  potential  complex  false  alarm  sources  were  identified 
during  AF  base  visits/inspections  and  from  reviews  of  previous  false  alarm 
emission  tests  ( References  3  and  6 ) .  Some  of  the  listed  complex  source 
"backfire/wet-start  events"  are  actual  fires  that  only  differ  from  major  fire 
threat  events  in  their  size  and  duration.  They  can,  however,  evolve  into  major 
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fires,  especiadly  from  JFS-  and  AGE-related  events.  Hie  following  table  of 
complex  sources  may  be  expanded  at  the  beginning  of  a  Riase  II  effort. 


n3VEI£  2.  CXMPI^  SCUBCES  OF  ALARMS 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
11. 

12. 

13. 


Lit  Cigarette  and  Cigar 
Vfood  and  Paper  Matches 
Lighter 

Electric  Arc  1.2  am  gap,  4000  V 
Acetylene  Welder,  00  Tip, 

16  X  150  nm  Flame 

Arc  Welder,  4  mm  Rod,  300  Amp 

Rifle  Flcish,  Ccxisecutive,  M-16/50  Cal 

Dash  60  AC  Power  Ccurt  Backfire  Event 

in  Mcinifold;  Also,  Hot  Manifold 

Jet  Fuel  Starter  Fire  Events 

(See  Following  Subsection) 

X-Ray  Diagnostic  NDI,  160-300  KeV 
EM  Ehiissicxis  From  Radcir,  Jamners, 
Oommunications,  Hand-Held  Radios,  etc 
IR  Bnissions  From  Aircraft  Jammers, 
LANTIRN,  AU>-184,  etc. 

Sunlight  (Direct  and  Reflected) 


14.  Aircraft  Engine  Wet-Start 
or  Backfire  in  Exhaust 

15.  Aircraft  Engines  Starts; 
Power  Levels  20-80  percent 

16.  Afterburner  Flame  From 
F-4/F-1 5/F-1 6/F-1 1 1  in 
distance  and  in  facility. 

17.  Radicuit  Kerosene  Heater 
70,000  BTU  with  Fan 

18.  Manifold/Exhaust  IR  & 

UV  Elnissions  From  Front 
End  Loader,  Air- 
Conditioning  Cart,  Steam 
Cleaner  Cart,  M-60  AC 
Power  Cart,  Heater  Cart, 
Generator  Carts,  Pneumatic 
Carts,  Blower  Carts, 

19.  Reflections  Prom  Bright 
Colored  Objects 


Some  of  the  above  listed  conplex  sources  would  be  difficult  to  locate 
and  simulate  in  the  Riase  II  laboratory  for  false  cdcunn  immunity  tests.  Testing 
for  immunity  against  X-ray  machines  should  be  performed  in  an  appropriate  NDI 
facility.  If  specified  by  the  Air  Force,  the  electromagnetic  immunity 
requirements  would  be  imposed  an  the  detector  supplier  through  Mil-Std-461 
and  -462.  Detectors  that  satisfy  these  military  stcindards  would  be  inmune 
to  possible  alemns/false  dumps  due  to  extraneous  electromagnetic  interference 
as  has  been  previously  identified  from  such  items  as  hand-held  radios  and  X-ray 
NDI  units.  Hiere  is  eilso  some  suspicion  that  aircraft  radar  and  communications 
jammers  may  eiffect  optical  fire  detectors  that  cure  not  EMI  prom  oted. 


In  ocxKiucting  the  actueil  measurements  of  detector  response  to  the 
above  sources,  distances  from  detector  to  source(s)  should  be  specified  as 
well  as  the  time  of  exposure(s),  degree  of  chopping  if  any,  transient  on  and 
off  situaticxis,  and  number  of  repeatable  tests.  OombinaticMis  of  various  sources 
would  also  be  specified.  Ability  of  a  fire  detector  to  identify  a  threshold 
fire  vrtiile  in  the  presence  of  the  above  potential  false  alarm  sources  is  also 
an  inportant  performance  requirement. 


a.  Complex  Sources  Associated  With  Aircraft  Ground  Support 
Equipments  (AGE) 

As  stated  above  in  Section  III-B,  approximately  20  fire  events 
associated  with  AGE  itans  were  reported  over  the  past  10  years  that  resulted 
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in  equipment  damage  and  at  least  Class  C  financial  loss.  During  the  course 
of  the  Phase  I  effort,  discussions  were  held  with  maintenance  support  personnel 
at  the  AF  bases  stated  in  previous  secti<xis.  It  was  also  concluded  from  these 
discussicxis  that  backfire  or  hot-start  fire  events  cire  not  reure,  especially 
from  equipments  that  utilize  gasoline,  diesel  and  JP-4  fuels. 

Ihe  AGE  backfire  events  usually  begin  with  an  explosive  phase 
that  emanates  from  the  exhaust  manifold.  A  pltmie  of  flame  of  a  few  square 
feet  lasts  a  few  seccnds  to  minutes  depending  upcai  the  quantity  of  unspent 
fuel  or  other  oombustible  products  that  cure  present. 

2 

Mast  fire  detectors  are  designed  to  see  16-100  ft  fires  at 
distances  as  great  as  150  feet  in  about  5  seconds.  Therefore,  a  small  fire 
of  cxily  1-4  ft^  at  a  distance  of  less  than  25  feet  will  be  detected  within 
a  few  seconds,  depending  v^n  whether  the  detection  logic  uses  time  gating. 

It  is  apparent  that  these  backfire,  hot-start  engine  events  on  AGE  items  may 
be  seen  by  a  UV,  IR  and/or  UV/IR  detector,  thus  resulting  in  the  activaticwi 
of  cdeumns  and  release  of  the  fire  extinguishing  agent. 

Such  fire  events  cure  usually  not  difficult  to  extinguish  with 
hand-held  extinguishers,  although  there  have  been  some  reported  events  vrtiere 
the  resulting  fire  completely  aigulfed  the  AGE  item  and  ignited  other  flaititiable 
materials  in  the  hangar  (from  data  pxwided  by  the  Navy  Safety  Center:  available 
throu^  cipproprlate  government  channels  and  not  availaible  to  be  included 
herein) . 


These  events  are  actual  fires,  yet,  in  some  cases  may  be  too 
small  to  warrant  a  major  suppressant  duirp.  When  these  type  of  events  occur, 
the  detection  subsystem  should  rapidly  identify  the  fire,  initiate  appropriate 
adeunns  in  the  hangar  emd  fire  station,  and  "raailtor"  the  size  of  the  fire  until 
it  reaches  the  specified  minimum  fire  threat  size,  at  vhich  point  the  fire 
suppressant  would  be  releeised.  The  fire  detection  subsystem  should  therefore 
be  able  to  discriminate  the  type  of  fire  event,  as  well  as  its  locaticxi  and 
size/growth. 


Figures  9-17  show  several  AGE  items  that  are  associated  with 
such  events  as  described  above.  These  AGE  items  were  reviewed  at  all  the  AF 
bases  visited  during  the  Phase  I  study. 

Figures  6  and  9-17  show  those  AGE  items  that  have  hot  erfiaust 
manifolds  that  radiate  in  the  IR  region.  Each  of  these  radiative  hot  surfaces 
should  be  measured  for  temperature  and  broad-band  wavelength  emissions.  Since 
the  emission  spectra  should  be  very  similar,  the  cdsjective  would  be  to  determine 
the  most  Intense  and  largest  radiative  surface  from  these  hot  sources  so  that 
a  "worst-Ccise”  model  of  siKdi  infrared  emitters  can  be  designed  and  simulated. 
Other  IR  emitters  such  as  eiircraft  engines,  jammers,  heaters  and  light  sources 
would  also  be  included  in  "worst-Ccise"  scenarios. 

b.  Complex  Sources  Associated  With  ;Aircraft 

The  aircreift-associated  ccnplex  scxirces  and  events  include 
possible  activation  of  the  erfterbumers,  hot  esdiaust  nozzles,  JFS  fires,  nacelle 
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fires,  engine  backfires/wet-starts,  emissions  from  janiners  and  communications, 
emissions  from  pods  such  as  LANTIRN,  radar  emissions,  hot  brakes,  and  many 
other  aircraft  unique  items. 

As  indicated  in  the  above  list  of  coirplex  sources,  there  are 
a  number  of  aircraft-associated  events  that  result  in  real  fires  and/or  in 
explosive  events  that  resemble  a  "belch”  of  flame  and  anoke  and  last  for  seconds 
to  minutes.  The  sustained  events  that  ctre  relatively  large  in  areal  extent 
and  prevail  for  mciny  seconds  in  duration  would  be  seen  by  almost  any  detector 
and  need  to  be  extinguished  rapidly.  Smaller  events  may  not  require  a  major 
dump  of  suppressant  because  hand-held  extinguishers  may  suffice  or  the  fire 
may  self -extinguish  in  a  short  time.  Unis  is  a  prime  example  of  the  need  to 
qualify  both  the  detector  and  the  conplete  fire  detection  system,  including 
Htai-orrhnr  configuration  and  detector  voting  and  other  electronic  "decision-tree 
logic  in  the  controller.  A  single  detector  may  "see"  the  event  and  dunp  vAien 
the  situation  does  not  warrant  such  action.  A  detection  system  however,  may 
be  designed  to  be  "smart"  and  only  alarm  to  such  events  instead  of  activating 
a  full  dump. 

D.  LOCATION  AND  AVAILABILITY  OF  AIRCRAFT,  FAC!ILITIES,  AGE  AND  FALSE 

ALARM  SOURCES  -  TECHNICAL  REQUIREMENTS  2  AND  3 

Most  Air  Force  bases  have  a  variety  of  AGE  items  and  different  types  of 
hangars  and  support  facilities.  However,  few  bases  also  have  a  large  complement 
of  different  ty^  of  aircraft.  Cost  was  the  major  factor  in  determining 
feasibility  of  the  Mnase  II  effort,  and  included  considerations  of  possible 
Air  Force  base  location(s)  that  could  be  used  for  the  field  measurements. 

OONUS,  PACAF,  and  USAFE  bases  were  reviewed  as  possible  locations  for  the 
field  false  alciim  measurements.  Bases  such  as  Hick^,  Norton,  McClellan,  Beale, 
Edwards,  and  Tyndall  were  visited  during  the  course  of  this  study.  PACAF 
Headqucuters  vgas  eilso  visited,  eis  well  as  a  Canadian  NATO  base  at  Lahrs,  West 
Germany. 

Edv^ds  Air  Force  Base  near  Lancaster,  California,  offers  a  large  variety 
of  aircraft,  facilities,  and  false  alarm  sovurces.  The  aircraft  located  at 
this  base  includes  the  following,  along  with  their  unique,  if  appropriate, 
suppoj±  facilities  emd  equipments:  F-15,  F-16,  F-4,  B-52,  KC-135,  F-111, 

T-38,  Y-A7,  A-37,  B-IB,  B-2  and  a  variety  of  helicopters.  TWo  "hush  houses" 
(engine  test  facility)  and  a  number  of  outside  engine  test  stands  are  eilso 
available  for  engine  emission  measurements,  including  afterburner.  A  Non 
Destructive  Inspection  (NDI)  X-ray  facility  is  available  to  test  X-ray  effects 
on  detectors  and  electronics. 

No  commitment,  however,  was  made  (or  could  be  made)  during  the  Phase  I 
effort  by  Edwards  AEB  or  any  other  base  to  make  aircraft  and  facilities 
availcd>le  for  a  Phase  II  effort.  A  test  requirements  plan  should  be  developed 
at  the  beginning  of  Phase  II  that  specifies  each  and  every  task  that  would 
be  performed  and  what  facilities,  aircraft  and  equipment  would  be  required. 

The  AF  would  then  nake  the  decision  on  vhere  the  field  program  would  take  place, 
and  malce  the  necessary  arrcingements. 
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niis  ttiase  I  report  oould  serve  as  an  introducticai  to  the  field 
measiareinents  requirements.  As  discussed  in  more  detail  below,  the  field  program 
should  include  emission  measurements  from  at  least  one  representative  fighter 
aircraft,  althou^  it  would  be  desirable  to  include  a  variety  of  aircraft. 

The  F-15,  F-16  or  F-111  would  be  the  best  qptions  because  they  have  long. 

Intense  afterburner  flames.  Should  there  be  major  differences  in  the  other 
discrete  and  ocraplex  false  alcum\  sources  carried  by  each  aircraft,  it  may  be 
necessary  to  utilize  more  than  cxie  fighter  aircraft  for  these  measurements. 

Also,  at  least  one  large  body  aircraft  should  be  subjected  to  engine  and  other 
subsystem  enissions  measurements.  The  availability  of  both  types  of  aircreift 
for  spectral  emissic«  measurements  may  be  difficult  to  schedule,  but  past  field 
testing  during  the  Hardened  Aircraft  Shelter  Program  was  acoonplished  at  USAFE 
and  RAF  locatirais  with  relatively  short  notices  of  request. 

If  Edwards  AFB  is  selected  by  the  Air  Force  as  the  locatioi  for  field 
test  measurements  during  the  Phase  II  effort,  it  vroxiLd  be  highly  desirable 
(cost-effective)  to  cdso  conduct  emissi<xi  measxirements  an  the  B-2  and  its 
support  hangar /equipments  during  the  same  time  period  v^en  other  aircraft  and 
feilse  alarm  measurements  are  being  made. 

Although  it  may  be  more  efficient  and  cost-effective  to  conduct  all  the 
necessary  field  i  ^^asurements  at  cxie  location  over  the  shortest  period  of  time 
possible,  th'='  vaurious  pcu±s  of  the  field  measurements  program  oould  be  separated 
in  both  content  and  time.  The  aircraft  emissions  measurements  part  of  the 
effort  oould  be  ocxiducted  independently  of  the  noi  aircraft  discrete  and  oonplex 
false  alarm  source  and  AGE  item  measurements.  Ilie  edrcraft  engine  emission 
tests  vrould  be  ocxiducted  in  a  hush  house  for  fighter  aircraft,  and  in  their 
respective  hangars/docks/ranps  for  large  btxiy  and/or  B-2  aircraft.  Other 
aircraft-asscxiated  emissions  oould  be  made  in  other  facilities  or  perhaps 
outside.  Should  the  necessary  filter  aircraft  not  be  available,  at  least 
the  UV  and  IR  engine  emission  measurements  cnuld  be  made  during  routine  engine 
test  stand  runs.  The  duration  of  mecisurements  on  each  aircnraft,  including 
engine  and  all  other  aircreift  cJiscrete/cxxtplex  sources,  would  be  approximately 
4-5  hours  maximun  (beused  upcxi  simileu:  aircraft  measurements  made  during  the 
HAS  FPS  development  effort). 

A  preliminary  cxxioept  of  the  field  testing  prcx::edures  on  all  potential 
false  edcumi  sources.  Including  aircraft,  is  discussed  later  in  this  Sechicxi. 

E.  DETIIRMINATION  OF  WHAT  OPTICAL  MEASUREMENT  EQUIPMENTS  ARE  NECESSARY  TO 

OONDUCT  THE  E«ASE  II  EFFORT  -  TECHNICAL  REQUIREMENT  4 

Ihe  general  approach  talcen  in  this  analysis  was  to  evaluate  equipment 
requirements  based  upcxi  the  following  ocxislderatlons:  (1)  ruggedness  of  the 
field  instrumentation;  (2)  selection  of  equipments  that  were  very  specific 
to  the  required  measurements — no  greater  capabilities  than  were  needed  for 
the  projech;  (3)  utilization  of  field  equipment  in  the  cjualification  testing 
laboratory  in  order  to  reduce  unnecessary  duplicaticm;  and  (4)  cost.  The 
following  were  the  results  of  these  tradeoff  analyses. 
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Hie  reccxnmended  instrumentaticai  for  the  false  alarm  field  measurements 
and  the  qualificaticxi  test  procedures  development  parts  of  the  program  are 
discussed  below.  Hie  recommended  IR  instruments  would  provide  sufficient  broad¬ 
band  spectral  radiance  informaticxi  to  ccxiduct  the  prc^wsed  program  and  to 
establish  qualificaticm  test  procedures  for  detector  immunity.  Hie  recommended 
UV  instruments  would  provide  sufficient  hic^-resolution  spectral  data. 

1 .  Pyrometers 

Hie  recommended  conplement  of  sensors  for  meaisuring  the  taiperatures 
of  radiative  surfaces  and  effluents  either  by  contact,  or  remotely  with  an 
optical  pyrometer,  cure  as  follows: 

a.  By  Oontact:  Digitcil  thermometer,  capable  of  temperature 
measurements  i:pto~2500®F,  with  the  following  set  of  prcdDes  for  various  possible 
modes  of  oontact. 

1.  Probe  1  (100®F  to  500“F) 

2.  Pr<±)e  2  Iirmersion  Probe  (100®F  to  1700®F) 

3.  Probe  3  Surface  PrcAie  (100“F  to  500“F) 

4.  Probe  4  Mr  Probe  (100°F  to  1500“F) 

5.  Probe  5  Piercing  Probe  (100°F  to  1500°F) 

6.  Probe  6  Exposed  Probe  (100“F  to  1700“F) 

b,  OpticMly;  Opticcd  pyrometer,  v^ch  can  measure  tenperature 
remotely  from  100®F  to  1600®F,  can  be  coupled  into  a  computer,  and  has  multi¬ 
function  display,  reflected  tenperature  compensation,  8-  to  14-micrometers 
spectTcil  respoise,  1-inch  spot  diameter  at  3  feet,  and  analog  and  digital 
outputs.  Hie  following  suppoi±  items  should  also  be  provided: 

1 .  1 1 0  V  AC  adapter 

2.  120-inch  computer  cable  emd  ctdapters 

3.  5  1 /4-inch  software  disc  for  data  transfer  to  Lotus 

4.  Blackbody,  6-inch  square,  150“  to  700“F,  110V. 

Hie  above  set  of  instruments,  all  of  v^ch  are  hand-held,  enables 
determination  of  location,  hot-gas  effluents,  or  anything  suspected  of  having 
a  sourcn  of  IR  radiation  at  4.3  micrometers.  Having  measured  the  tenperature, 
by  application  of  the  measurement  to  determine  the  black  or  gray  body  radiance 
from  a  body  at  that  tenperature,  it  can  be  determined  whether  that  body  could 
be  the  source  of  a  fedse  signal  at  4.3  micnxmeters.  Even  though  the  optical 
pyrometer  measures  the  radiance  in  the  8-  to  1 2-micrameter  IR  band,  from  this 
the  radiance  at  4.3  micrometers  can  be  cralculated.  It  may  be  desirable  to 
also  use  an  IR  spectrometer  for  certain  field  and  lab  measurements,  especially 
for  measurements  in  the  2-  to  5-mlcrometer  range. 

2.  Instruments  Ebr  UV  Measurements 

Hiere  are  two  types  of  UV  instruments  recomnended  the  field 
measurements:  (1)  high-resolutlcxi  UV  mu  Hi  spec  spectrografdi,  and  (2)  hand-held 
UV  radiometers.  Hiey  provide  reliable  radiance  mecisurements,  can  be  calibrated 
in  the  field,  and  can  be  coupled  to  a  computer. 
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The  hi^-resolution  spectrograE^,  covering  180-  to  400-nanaroeter 
range  throu^  the  near  IR,  is  reconinended  for  this  program.  The  "multi-spec 
spectrograEdi"  should  also  include  accessories  that  include  detector  arrays, 
filters,  gratings,  slits,  fiber  optics  cables  and  lenses. 

The  hand-held  UV  equipments  reccmmended  for  far  UV  measurements  cover 
the  spectred  bands  of  interest  as  follows:  (1)  peak  wavelength  254  nanometers; 
(2)  peak  wavelength  300  nanometers;  (3)  peak  wavelength  365  nanometers. 

T\jd  different  radiometers  and  two  sepeurate  sets  of  interchangeable 
sensors  cure  required  to  cover  the  full  band  of  measurements  surnneurized  above. 

A  field  calibraticxi  system  is  required  to  provide  ceilibraticai  for 
the  long-,  medium-  and  short-wave  bands.  A  separate  sovurce  should  be  used  for 
each  of  the  three  UV  bands.  The  calibrations  should  be  referencible  to  NBS 
standards.  In  this  way,  absolute  levels  of  radiances  under  investigation  can 
be  detained  for  the  beun^  measured.  The  following  equipment  is  recomnended: 

1.  High-Intensity  UV  Radiometer:  Hi^-Intensitv  (0-200 

milliwatts/cm^)  with 
interchangeable  sensors  at 
254-,  300-,  365-,  405-  and 
450-nanoroeters . 

2 

2.  Low-Intensity  UV  Radiometer:  0-20,000  microwatts/cm  :  with 

interchangeable  sensors  at 
254-,  300-,  365-,  405-  and 
450-nanometers. 

3.  Field  Calibration  System:  Long-,  Medium-  and  Short-Wave. 

The  equipment  listed  above  wo\ild  serve  in  both  field  and  laboratory 
applications.  In  addltlcan,  standard  electronics,  power,  mechanical  and 
automated  computer  data  oollectic*i  equipments  are  required  to  support  the 
laboratory  test  procedures  development  effort. 

F.  LABCRATORY  SUPPCWT  ITEMS  -  TECHNICAL  REQUIREMENT  4  (CONTINUED) 

The  recommended  facility  for  the  development  of  qualificaticxi  test 
procedures  would  consist  of  basic  laboratory  tools  and  supporting  items,  similar 
to  those  found  in  any  aerospace  quality  assurance  aid  test  facility.  The 
equipments  reoonmended  below  are  those  "types"  of  svqpport  items  that  would 
be  needed  to  develop  simulation  devices,  laboratory  test  fixtures  and  data 
recording  systems. 

WCrk  Benches:  Antistatic  mats;  drawers;  isolatic«  transformers; 

Li^ts;  magnifier  lights;  power  strips;  power 
supplies;  chairs. 
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Hand  Tbols: 

Facilities; 

Power  Tools: 

Lab  Test  Area: 


Hiotograi^iy: 

Vfelding: 

Oon^xiter: 

Simulation 
Devices  and 
Fixtures: 


Allen  wrenches;  calculators;  desoldering  tool; 
flashlight /pen  lights;  inspection  mirror;  orange 
sticks;  pliers/ long  nose/std;  screwdrivers;  shrink 
ti±»ing;  socket  sets;  soldering  irons;  tool  boxes; 
wire  wrap  tools;  wire  racks;  electrode  circuit  tools; 
standard  tool  sets. 

Battery  back-up  system;  10  KW  generator  (necessary 
to  c^)erate  multiple  1-1.5  KW  light  sources  and 
IR  heat  sources  simultaneously);  air  eexxiitioning; 
heating  system;  line  transformers;  overhead  lighting. 

Air  compressors;  drill  press/bits;  raetcil  bender; 
metal  saw;  jig  saw;  power  screwdrivers;  radial  power 
saw;  skil  saw. 

Antistatic  mats;  separator  walls;  tape  recorder; 
cameras  and  film;  breadboarding  items;  clamps;  clock; 
elapsed  time  meters;  event  recorders;  extensicxi 
ladder;  extensicxi  cords/boxes;  fire  extinguishers; 
eye  protectors;  fire  blankets;  fire  bench;  fire  pans; 
bum  unit  facility;  fire  proof  cabinet;  first  aid; 
intercom  headsets;  lab  clothes;  oscilloscopes; 
overhead  lighting;  PA  system;  power  supplies;  power 
strips;  stc^  watches;  teleitones;  televisicai  monitor; 
VCR;  temperature  chamber;  optical  bench  and  support 
items;  video  taping  system  with  audio;  work  tables; 
automated  data  acquisiticxi  and  recording;  electronic 
meters  cind  measuring  devices. 

35  mm  camera;  macro  lens;  wide  angle  lens;  drapes; 
lighting/ref lectors;  film;  tripods. 

Cart;  cabinet  with  sujplies;  gloves;  helmets;  rods; 
tanks. 

386  with  80  Megabytes  hard  disc,  25  MHz  speed,  4 
Megabytes  RAM;  Modem;  VGA  monitor;  Word  Perfect; 

Lotus  123;  Timeline;  printer  (24  pen);  optical  scanner 
to  digitize  recorded/plotted  data  for  conputer  storage 
and  processing. 

Calrod  hot  plates  with  variable  power  sujplies;  array 
of  various  light  sources;  heaters;  fans;  reflectors; 
choppers;  motors  for  fixture  rotation;  mechaniccil 
fixtures;  UV  sources;  IR  sources;  optical  filters; 
opticcil  measxirement  equipments  as  discussed  ecirlier; 
list  of  simple  false  cilarm  sources  stated  herein; 
remote  ocxitrolled  fixture  mountings  on  tracks  to 
move  Veurious  sources  into  detector  field-of-view 
emd  to  change  distances  and  angles  of  emitters. 
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Cbitiponents : 


Assortment  of  stcindaird  electronic  and  mechaniccil 
parts. 


The  above  tools  and  facility  items  are  standard  electrical /mechanical 
laboratory  items.  Most  are  available  at  low  cost  through  manufacturers  or 
through  used  equipment  outlets  (or  through  GFE).  The  track-mounted  fixture 
arrangement  (similar  to  a  high-quality  train  set)  vrovild  be  custom  designed, 
but  the  peurts  and  controls  are  readily  available.  This  type  of  mobile  track 
is  camonly  used  in  industry  for  production  and  testing  puposes. 

It  may  not  be  necesscuiy  to  include  any  bum-test  capabilities  in  the  test 
facility,  as  such  measurements  may  best  be  performed  during  the  field 
measurements  program  at  selected  Air  Force  base(s).  This  is  especially  true 
of  the  "explosive"  event  simulations  that  should  be  conducted  under  Fire 
Department  safety  constraints  in  a  safe  area. 

G.  DEVELOPMEIfr  OF  FIEUD  TESTING  PROGRAM  -  TECHNICAL  REQUIREMENT  5 

The  optical  equipment  and  data  recording  and  processing  system  described 
above  were  selected  for  dual  application:  (1)  field  testing,  and  (2)  laboratory 
test  procedure  development.  One  approach  that  appears  to  be  both  cost-effective 
and  efficient  in  fielding  the  measurement  equipment  is  to  use  mobile  platforms 
(carts)  cind  a  medium  size  van.  In  this  approach  the  measurement  equipment 
would  first  be  delivered  to  the  qualification  test  lalx>ratory  location  vhere 
they  would  be  integrated  into  a  portable  field  configuration,  mounted  cm 
appropriate  mctoile,  vibraticm  resistant  benches  or  tables,  calibrated  against 
IR  and  UV  sources,  and  performance  tested.  After  this  initial  check-out  is 
cxxnpleted,  the  equipment  would  be  transported  via  van  to  the  Air  Forcm  base 
where  the  field  measurements  would  be  conducted.  The  use  of  hand-held 
measurement  cievices  and  a  mcAjile  field  instrument  approach  provides  flexibility 
in  mcjving  frcxn  one  curea  cxi  a  base  to  cinother  where  different  equipment, 
aircnraft,  AGE  and  other  false  alarm  sources  may  be  located. 

The  fiel.d  tests  Ccin  be  separated  into  major  segments  depending  upon  the 
avcdlability  of  adrcxaft,  facilities,  AGE  and  support  personnel.  The  major 
segments  of  the  field  testing  c:an  be  divi(3ed  as  follows: 

1 .  Fii^ter  Aircraft  (one  or  more)  Discrete  and  Coirplex  Sources 

A.  Ehgine  measurements  in  a  hush  house 

B.  Measurements  of  lights,  cxrannunications,  navigations,  jaitmers 
cind  other  aircnraft  subsystems  in  either  the  hush  house, 

in  a  separate  facility  or  on  the  ramp. 

2.  Lcirge  Body  Aircrctft  (cxie  or  more)  Discrete  and  Oomplex  Sourcres 

A.  Ehgine  measurements  in  hangar  or  outside  on  ramp. 

B.  Measurements  of  lights,  cxxnnunicrations,  navigations,  jammers 
and  other  adrcnraft  subsystems  in  either  a  hangar  or  outside. 
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3.  AGE  Discrete  and  Coirplex  Einission  Sources 

A.  AGE  items  such  as  those  listed  in  Figures  5-17  would  be  measured 
for  their  respective  UV  and  IR  emissions  in  an  outside  AGE  yard 
facility . 

4.  Hangar,  Facility  Utilities,  Tools,  and  Support  Equipment  Discrete  and 
Oonplex  False  Alarm  Source  Measurements 

A.  These  measurements  would  cover  all  the  lights  listed  in  the 

discrete  source  table  in  Section  III-C-1 .  The  measurements  would 
be  in-situ,  if  possible.  However,  many  of  the  items  would  be 
mounted  in  the  qualification  test  laboratory  vhere  they  would  be 
measured  and  used  in  detector  testing. 

5.  Complex  Sovtrces  Associated  with  Explosive  Events  Such  as  Those  from 
Aircraft  JPS  fires,  Ehgine  Wet-Starts,  and  AGE  Ehgine  Wet-Starts/ 
Backfires 

A.  These  measurements  would  be  made  under  supervision  of  Fire 

Depeurtment  personnel  at  either  an  Air  Force  base  or  in  a  controlled 
and  local  Fire  Department  approved  area  cuid  with  approvals  for 
the  test  procedures.  Simulations  of  the  aircraft  and  AGE  events 
would  be  developed  and  tested.  Optical  measuranents  would  be 
made  of  the  events. 

Any  one  of  the  above  five  categories  of  field  measurements  could  be 
conducted  independently  of  the  others  at  different  locations  and  at  different 
times.  However,  it  would  be  most  cost-effective  to  conduct  as  many  of  the 
measiireraents  eis  possible  at  one  location  in  a  consecutive  or  concurrent  mode. 

1 .  Fighter  And  Large  Body  Aircraft  Measurements 

These  measurements  include  both  fighter  and  large  body  aircraft  as 
indicated  above  (Segments  1  and  2  of  field  testing).  The  fighter  aircraft  of 
most  interest  includes  F-4,  F-15,  F-16  and  F-111.  UV  and  IR  emissions  from 
these  aircraft  are  probably  equcd  to  or  greater  than  those  from  other  Air  Force 
aircraft.  These  ciircraft  were  also  selected  for  possible  field  tests  because 
they  are  the  predominant  aircraft  that  occupy  Hardened  Aircreift  Shelters  and 
Flow-Throu^-Alert  Hangeirs  that  require  fire  protection  systatis. 

A  hush  house  and/or  open  air  engine  test  cell  (see  Figures  19-24) 
could  be  utilized  at  several  AF  bases  for  filter  aircraft  emission 
measurements.  In  a  hush  house,  the  optical  measurement  equipments  would  be 
located  away  from  engine  vibration  cind  blast,  possibly  in  the  comer  at  a 
45-degree  angle  to  the  engine  nozzle.  The  data  recording  equipment  would  be 
located  in  the  ccaitrol  room.  Fiber  optic  cable  could  be  used  if  additional 
protection  of  the  optics  instrumentation  is  required. 

Filter  aircraft  would  be  brought  into  the  hush  house  tail  first 
and  located  that  the  exhausts  point  towards  the  exhaust  vent,  and  tied  down. 

A  45-  to  90-degree  field-of-view  would  be  required  for  exhaust  emission  tests. 
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Figxire  21.  Inside  Hush  House;  View  of  Figure  22.  Inside  Hush  Hoiise;  Aircraft 

Control  Rocxn  Tie-Down  Area 


Figure  24.  Engine  Test  Stand 

(engine  would  be  mounted 
on  the  two  piers) 


Measurements  vrould  be  made  in  the  UV  and  IR  of  the  tail  erfiaust  nozzle 
and  engine  effluent.  After  start,  the  ^gines  vrould  be  placed  into  idle  at 
about  20-25  percent  power  level  and  held  in  this  condition  for  5  minutes. 

Ihe  englne(s)  would  th&i  be  Increased  to  40  percent,  60  percent  and  80  percent 
power  levels  and  held  in  these  levels  for  3  minutes  each.  After  the  80  percent 
stqp  is  ccnpleted,  the  pilot  would  place  the  englne(s)  into  the  AB  mode,  hold 
this  oonditicxi  for  2  minutes,  and  then  throttle  down  ageiin  to  idle  and  then 
to  off.  These  procedures  are  similar  to  those  used  in  tests  conducted  at 
Bitburg  Air  Base  on  the  acoustic  emissiOTis  of  an  F-15  engine  and  at  UK  RAF 
bases  cxi  the  Tornado  engine  UV/IR  emlsslcxis  during  the  development  of  the  HAS 
Fire  Protection  System  requirements. 

After  the  engine  UV  and  IR  emission  tests  are  completed,  the  engines 
would  be  shut  dowi  and  the  optical  measurement  equipments  moved  to  various 
locations  around  the  aircraft  v^ere  maximum  field-of-view  can  be  obtained  of 
various  light  and  janmer  sources  cxi  the  aircraft.  Landing  li^ts,  wing  li^ts, 
teiil  lights,  strobe  lights  and  other  possible  sources  of  IR  and  UV  would  be 
activated  and  measurements  tak^.  The  IFR  light  may  not  be  ecislly  seen  by 
the  test  equipment  and  may  have  to  be  independently  tested  later  in  the  test 
procedures  laboratory.  Other  lights  associated  with  the  facility  itself  would 
edso  be  measured  for  their  IR  and  UV  anissions.  Any  IR  emitting-jaraners  and 
other  type  of  pods  such  as  LAHTIRN  and  ALQ-18  would  also  be  tested  for  their 
emissions,  but  these  measurements  could  be  made  in  other  facilities  with 
different  eiircraft  at  different  times. 

Measurements  of  the  engine  and  complex  and  discrete  sovirce  emissions 
from  large  bocfy  aircraft,  other  than  the  B-2,  would  be  made  in  either  their 
respective  hangars  or  on  an  outside  ranp.  At  least  two  aircraft,  in  addition 
to  the  B-2,  would  be  selected  by  the  Air  Force.  The  engine  measurements  could 
be  made  on  an  engine  test  stand  durli^  scheduled  test  runs. 

B-2  measurements  would  be  made  in  the  cdrcreift's  respective  hangar. 

In  this  case,  all  the  associated  AGE  items,  tools,  equipment,  facilities, 
utilities  and  subsystems  that  are  unique  to  the  aircraft  would  be  measured 
in  a  stand-alcaie  measurement  task.  This  task  would  be  scheduled  separately 
by  the  AF.  Either  Edwards  AFB  or  Whiteman  AFB  would  be  used  for  this  task. 

If  an  open  air  engine  test  cell  is  used  for  any  of  the  engine  emission 
measurements  discussed  above,  there  is  adequate  safe  space  for  the  equipment 
to  be  located  away  from  the  engine  exhaust  to  protect  the  c^>tics  and 
electrcxilcs.  The  hand-held  measurement  equipments  discussed  in  the  previous 
Section  would  be  beneficial  for  such  measurements.  This  optlcxi  can  be 
inplemented  at  several  AF  bases  for  both  fighter  and  large  body  aircraft 
engines. 


2.  AGE  Measurements 

The  optical  measurements  equipment  would  be  moved  to  the  AGE  storage/ 
maintenance  yard  vhere  an  opai,  roof -covered  dock  area  is  usiaailly  located 
(Figure  25).  This  area  would  be  "curtained-off"  around  the  measviranent 
equipment.  Each  AGE  item  (Figures  11-22)  would  be  brought  into  the  curtained 
area,  powered-up,  and  operated  for  about  10-15  minutes  each.  Of  particular 
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Figure  25.  AGE  Storage  Yard  (where  en\ission 
measurements  will  be  made) 
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importance  Is  the  thermal  (IR)  emlsslcsis  of  exhausts  and  manifolds  and  possible 
flame  (UV  cund  IR)  emissicns.  Some  AGE  carts,  such  as  the  "Dash  60,"  would  be 
staurted  a  nunber  of  times  to  observe  possible  badcfires. 

Hie  intent  of  the  latter  measurements  is  to  determine  a  "worst-case" 
temperature  condition  and  the  largest  jAiysical  area  of  the  radiative  sources. 

It  is  edso  iiifxnrtant  to  determine  the  nature  and  properties  of  actual  flame/fire 
events  that  have  been  observed  ccming  from  various  AGE  items,  although  these 
aie  discussed  as  a  separate  test  category  below. 

AGE  items  such  as  the  Light-Alls  would  be  tested  for  both  IR  and 
UV  emissicxis  from  the  bulbs  with  and  without  their  lens  coverings.  Both 
versions  of  the  Ll^t-Alls  would  be  tested  because  their  light  sources  differ 
in  wattage  and  meteilllc  vapor  type,  yet  both  produce  UV  emission  lines. 

3.  Hangars,  Eacllltles,  Utilities,  Tools,  Support  Equipments,  And  NDI 

Discrete  And  OoRqplex  Sources 

The  optical  mecisurenients  equipment  ensemble  would  be  moved  to  various 
hangar,  facility  and  base  locations  to  measure  emissions.  These  tests  would 
include  measurements  of  emissicxis  from  all  hangar,  facility  and  outside 
runway/ ramp  lights,  v^lcle  ll^ts,  su£^x>rt  equipment  emissions,  AB  emissions 
in  the  distance,  wading  sources,  and  other  items  listed  in  the  tables  in 
Sec±lon  III-C.  Special  purpose  items  such  as  NDI  X-ray  machines  would  be  tested 
in  an  NDI  facility  (Figures  26  and  27)  vhere  cxie  or  more  detectors  cx>uld  be 
mounted  and  a^prcprlate  radiaticxi  detectors  were  available.  Both  X-ray  and 
EMI  effeots  wc^d  be  measured,  although  the  EMI  requirements  part  of  a 
detector  qualificatlcxi  test  procedure  would  be  specifications  from  existing 
Military  Standards  -461  and  -462. 

Many  of  the  discxete  light  sources  would  also  be  purohased  or  obtained 
from  the  AF  and  mounted  in  the  qualification  test  laboratory.  Some  of  these 
sources  would  include  metallic  vapor  lamps,  high  pressure  sodium  lamps,  quartz 
halogen  lamps,  movie  lights,  strche  ll^ts,  mercniry  vapor  lanps,  IR  flashlight, 
police  and  ambulance  light  bars,  IFR  light,  and  many  other  items. 

4.  Explosive  Fire  Evaits  Associated  With  Aircraft  And  AGE  Engines 

The  events  discussed  earlier  in  this  report  that  involve  the  aircraft 
engines,  JFS,  euid  certain  AGE  items  that  utilize  JP-4,  diesel  cind  gasoline 
engines  would  be  simulated  in  a  fire-safe  curea  and  supervised  by  either  AF 
or  Icxhl  Fire  D^>artment  personnel.  The  simulation  is  a  rather  sinple  process 
that  requires  seme  brief  explosive  phase  followed  by  a  sustedned  fire  lasting 
for  a  few  seocxids  to  minutes.  The  intent  here  is  to  develop  appropriate 
simulation  methexis  and  at  the  same  time  determine  how  optical  fire  detectors 
respond  to  such  events.  These  are  real  fire  events  but  can  be  considered  as 
either  "f2LLse  aleunn  events"  (bec:ause  of  their  relative  smcill  size  and  short 
duratlcxi,  in  some  c:ases)  or  as  fires  to  be  extinguished  via  the  automatic 
suppresslcxi  system  in  the  hangeu:  (because  of  their  threat) .  These  tests  would 
be  (xxiducted  after  the  qualification  test  procedures  development  phase  began, 
when  a  number  of  optical  fire  detectors  would  be  available  for  use  in  the  tests. 
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H.  lABORAimY  REQUIREMENTS  TO  DEVELOP  SIMULATICNS  AND  QUALIFTCATION  TEST 
PROCEDURES  -  TEC31NICAL  REQUIREMENr  6. 

1.  labcxratory  Requirements 

U^xxi  completion  of  the  above  field  tests,  the  optical  measurement 
equipments  and  data  acquisition  system  would  be  returned  to  the  laboratory 
and  recalibrated.  Data  analysis  vrould  then  begin  on  the  field  data. 

In  concert  with  the  above  data  analysis,  those  radlatlcm  emitters 
that  could  cause  a  detector  to  false  alarm  would  be  divided  Into  those  that 
should  be  purchased  and  mounted  In  laboratory  fixtures  and  those  that  must 
be  simulated  In  the  laboratory  facility.  Methods  of  simulation  would  then 
be  developed  and  thoroughly  tested  against  the  field  measurement  data  to  verify 
similarity  In  physical  and  radiative  cdiaracterlstlcs. 

Ihose  sources  that  are  real  fire  sources  such  as  backfire  events, 
wet-starts,  and  JE^  fire  events  should  be  analyzed  separately  from  other  UV 
and  IR  sources  because  their  simulation  would  require  a  special  fire-safe 
facility  or  location  during  the  development  of  the  fed.se  edarm  test  procedures. 
This  was  discussed  above  In  Section  III-G-4. 

It  would  be  a  goal  of  the  Phase  II  effort  to  develop  a  laboratory 
test  configuration  that  can  be  duplicated  at  minimum  expmse  by  detector 
suppliers.  The  facility  could  also  be  designed  In  such  a  feushlon  eis  to  provide 
flexibility  In  the  number,  location,  and  time  exposure  of  discrete  and  oonplex 
sources  to  one  or  more  detectors. 

During  the  Ehase  I  study  various  options  were  analyzed  regarding 
the  location  of  the  laboratory  and  what  measurements  had  to  be  performed. 

It  was  concluded  that  the  qualification  test  facility  should  be  located  In 
the  geographical  region  vhere  the  field  measurements  would  be  made.  If  the 
AF  selects  Edwards  AEE  for  the  Phase  II  field  measurements  It  would  be  cost- 
effective  to  locate  the  quallflcatlcxi  test  facility  In  the  southern  California 
area.  Some  si;qpportlng  reasons  for  recommending  this  approach  are  cis  follows: 

a.  The  technical  staff  that  would  cx>nduc±  the  field  testing  should 
also  conduct  the  laboratory  test  proc:e(3ures  development  program,  as  they  would 
be  most  knowlecSgeable  about  the  measurement  equipments  and  measurement 
prcx»dures.  Minimum  labor,  travel  and  per  (31em  cxosts  would  be  realized  by 
locating  the  facility  In  the  general  area  where  technical  staff  reside,  and 
within  short  driving  distance  to  the  Icxoatlon  where  field  measuremmits  would 
be  conduched.  It  was  also  assumed  that  follow-uqp  field  mecusuremoits  would 
most  likely  be  rec^ulred.  Therefore,  cost  and  ability  to  make  expeditious  return 
visits  to  vhere  field  measuranents  are  to  made  v^ere  prime  ocxislderatlons. 

b.  If  some  or  all  of  the  labcmatory  test  procedures  development 
viork  viTOuld  be  cxntrached  out  to  the  detec^csr  Industry  there  may  be  an  inferred 
conflict-of-interest. 

c.  The  quallflcatlcn  test  facility  vnuld  be  required  few  a  perlcxi 
of  approximately  18  months.  Potential  subcontractors  contacted  for  this  effort 
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did  not  have  available  space  for  this  length  of  time  and  vould  have  to  lease 
the  space.  Also,  a  review  of  existing  equipment  at  potential  subocxitractor 
facilities  Indicated  that  most.  If  not  all,  needed  equipment  was  not  available 
and  would  have  to  be  purchased. 

d.  Special  open-air  testing  Involving  simulated  fire  events  and 

pan  fire  calibrations  could  be  conducted  under  Air  Force  Fire  Department  purview 
at  most  Air  Force  bases.  Also,  many  aerospace  conpanles  In  southern  California 
have  hazcuxlous  testing  facilities  that  may  be  available  for  such  tests. 

e.  nie  southern  California  area  Air  Force  bases  have  more  of  a 
diversity  of  alrcr2ift,  equipment  and  false  alarm  potentials  of  Interest  to 
this  progrcim  than  any  other  region  In  the  United  States.  Ihe  curea  cilso  Includes 
several  fire  protection  and  detection  companies  cuid  a  large  segment  of  the 
aerospace  Industry.  Ihere  are  also  major  universities  and  support  laboratories. 
Including  military  certified  testing  laboratories  for  environmental,  radiation 
and  EMI  testing.  Ihe  exlst^oe  of  the  B-2  at  Edwards  AFB  edso  makes  this 
geographical  location  desirable  for  a  Phase  II  effort. 

2 

The  laboratory  facility  would  be  approximately  1 , 500  ft  or 
less  In  area.  Most  Industrial  oonmerclal  complexes  provide  such  modules  that 
have  high  ceilings,  large  open  areas,  loading  docks  and  basic  power  and  service 
facilities.  Such  an  arrangement  Is  Ideal  for  the  needs  stated  herein.  A 
laboratory  layout  plan  should  be  Included  In  any  future  Phase  II  proposal. 

All  the  Items  required  In  the  laboratory  have  been  determined 
as  well  as  the  major  c^tlcal  measurements  equipment.  Ihese  are  readily 
available  and  no  problem  exists  In  obtaining  any  equipment  or  support  Items 
for  this  program.  Because  the  laboratory  Is  a  qualification  test  facility 
and  not  a  research  facility,  the  conflguratlcxi  and  inplementatlcxn  are  relatively 
easy  to  acxxxnpllsh.  It  can  be  cxxicluded  that  the  laboratory  facility  poses 
no  problems  to  the  Phase  II  effort  and  Its  feasibility  has  been  demonstrated. 

2.  E^se  Alarm  SlmulatlcHis  And  Test  Procedures  Development 

Ihe  end  result  of  the  work  to  be  performed  In  the  laboratory  would 
be  docamaited  test  procedures  for  each  qualification  test  recjulred  to  prove 
that  a  detechor  or  entire  detechlcan  system  will  not  false  alarm  or  false 
achlvate  the  suppressant.  Ihese  test  prcxedures  should  also  contain  stipulations 
as  to  how  to  simulate  certain  false  alarm  sources  If  they  can  not  be  easily 
chtalned  at  reasonably  low  cost.  For  exanple  many  of  the  "hot"  surface  IR 
emitters  are  asscelated  with  engine  exhausts,  AGE  eshausts  pipes  and  manifolds 
and  support  tools.  Many  of  these  cen  be  simulated  with  Calrod  hot  plates  of 
varlcxis  sizes  and  power  outputs. 

After  the  Inltlcd  field  test  program  Is  completed  a  declslcxi  should 
be  nade  as  to  vhat  sources  would  be  purchased  and  Incorporated  Into  the 
laboratory  test  fixture  arrangement.  Ihese  Items  would  then  be  prcx:ured  or 
borrowed  as  GFE  from  the  Air  Force.  Some  of  these  false  alarm  sources  would 
be  simulated  by  technlcjues  developed  In  the  quallflc:atlcxi  test  facility  and 
not  be  a  direct  result  of  field  mecisurements  at  Air  Forco  bases.  Most  work 
In  the  facility  would  be  to  develcsp  test  piooedures  and  representative 
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simulations. 


The  nature  and  properties  of  spectral  emissions  from  the  remaining 
sources  would  then  be  analyzed.  Opticns  for  simulaticxis  would  be  developed 
and  analyzed  for  pracrticality,  cost  and  degree  of  duplication  of  radiation 
emissions.  Simulation  approaches  would  be  selected  and  inplemented. 

The  layout  of  the  fixtures  that  would  be  required  for  the  above 
discrete  and  complex  sources  would  be  determined  and  designed.  The  fixtures 
would  most  likely  be  mounted  in  a  moving  configuration  that  would  provide  for 
simultaneous  multiple-source  exposures  to  detectors  at  various  angles  and  at 
various  tlmes-of -exposures.  Tests  would  then  be  ocxiducted  to  determine  v^t 
configuration  of  sources  and  detectors  would  best  represent  the  real  geometry 
and  other  physical  conditions  in  the  field. 

Fire  detectors  would  be  purchased  from  industry  for  use  in  the 
development  of  performance  queillflcatlon  test  procedures.  The  manufacturers 
would  be  given  the  performance  test  results  associated  with  their  detectors 
and  asked  to  provide  ocmments  and  recomroendatlcxis  regarding  false  alarm  Imnunlty 
criteria  and  methods  of  conducting  qualification  test  procedures. 

Independent  test  procedures  would  then  be  developed  for  each  test 
that  would  incorporate  the  above  sources  and  simulations.  These  procedures 
would  be  carrled-out  a  nunter  of  times  to  verify  ease  of  duplication  and 
verification  of  repeatable  results.  The  c^tical  measurement  equipment  used 
in  the  field  tests  and  other  laboratory  test  measurements  would  also  be  used 
to  verify  that  detectors  are  exposed  to  the  correct  radiation  wavelengths  and 
Intensities.  The  format  of  the  test  procedures  would  be  similar  to  that  used 
in  most  military  standard  conponeit  procurements  where  quality  assurance  is 
a  major  part  of  the  qualification  tests. 

During  the  entire  program  the  detector  industry  would  be  asked  to 
review  results  and  to  make  reconmendatlcxis  concerning  experimental  approach, 
test  procedures,  simulations  and  fedse  alarm  sources.  The  draft  test  procedures 
documait  would  be  provided  to  industry  for  their  input.  The  recommended  final 
diaft  copy  would  thsi  be  provided  to  the  Air  Poiroe  for  approval  and  disposition. 

After  publication,  the  new  Air  Foix:e  Optical  Fire  Detector  False 
Alarm  Imnunlty  Test  Procedures  Standard  would  be  provided  to  Industry,  Air 
Force  Base  Fire  and  Civil  Engineering  Departmoits,  Air  Force  fire  protection 
organizations,  $uid  procurement  organizations  responsible  for  the  purchase  of 
fire  protection  systems  for  AF  applications. 
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SBCXIGN  TV 


MANAGEMQir  MID  MlflNISIlBMriVB  RBQPIRQIBfIS 


As  stated  In  Section  II,  tvro  areas  of  requirements  must  be  satisfied  to 
prove  feasibility  of  suooessful  ocmpleticn  of  a  E^^ase  II  effort.  Ihese  areais 
include  technical  requirements  and  management  and  administrative  requirements. 
Ihe  feasibility  of  satisfying  the  former  technical  requiremaits  was  demonstrated 
in  the  previous  Sectioi  III.  'iMs  Section  addresses  the  management  and 
administrative  requirements. 

A.  ABILITy  TO  AODQMPLISH  PROGRAM  OBJECTIVES  ON  SCHEDULE  -  ADMINISTRATIVE 

RBQUIREMEirr  1 

To  meet  this  administrative  requirement  the  Air  Force  and  the  Ehase  II 
contractor  should  jointly  establish  schedules  and  a^^roaches  to  meeting  various 
objectives.  Ihe  contractor  can  only  prc^x3se  schedules  and  milestcxies  but  the 
Air  Force  would  be  responsible  for  the  actual  scheduling,  especlcdly  for  the 
field  measurements  where  requests  for  the  use  of  aircraft,  facilities  and  base 
personnel  would  have  to  be  made  weeks  or  mc^ths  in  advance.  Also,  scheduling 
and  managerooit  procedures  for  the  Phase  II  effort  would  have  to  follow  current 
program  managemait  practices  of  the  AF  Systems  Gbromand  for  the  program  support 
outlined  herein. 

In  summary,  (1 )  a  viable  laboratory  approach  has  been  developed  that  is 
practical  and  easy  to  acocnpllsh;  (2)  a^jproprlate  cptical  measurement  and 
laboratory  equipments  have  been  identified  and  reocninended;  (3)  the  field 
measurements  effort  has  been  determined  to  be  feasible  as  long  as  the  proposed 
edrcraft,  facilities  and  other  items  can  be  made  available  by  the  AF  in  a 
reasonable  time  period;  and  (4)  all  inputs  from  the  Air  Force  base  and  program 
personnel  have  been  positive  regarding  the  Inportance  of  this  effort  and  their 
willingness  to  provide  assistance  during  Phase  II. 

B.  ARRANGEMEirrS  AND  OOGRDINATIGN  WITH  AIR  FORCE  BASES  -  ADMINISTRATIVE 

RBQUIREMEXir  2 

The  mechanisms  are  in-place  to  maintain  coordination  between  contractor, 
program  office,  AF  Systems  Command  and  respective  AF  base  management.  These 
mechanisms  and  interfaces  do  not  have  to  be  redefined  for  this  program. 

Aircraft  are  usually  committed  for  missions  some  months  in  advance.  Also, 
AFB  facilities  are  used  routinely  for  test  programs  and  cperatlonal  maintenance 
and  support.  The  requirements  of  this  program  cannot  be  construed  to  dictate 
the  availability  of  facilities  and  support  services  at  any  Air  Force  base. 

It  is  therefore  of  major  inportanoe  that  ooninunications  and  understanding  are 
established  early  in  the  program  in  order  to  minimize  administrative  problems. 

The  visits  made  to  Air  Force  bases  were  beneficial  in  determining  llnes- 
of -command,  interfaces  and  points  of  decision  necessary  to  plan  what  must  be 
acocmpllshed  in  Phase  II.  A  willingness  to  help  was  demcxistrated  at  edl  bases 
visited.  Every  person  contacted  recognized  the  problems  with  false  alarms 
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and  the  need  to  solve  the  problem.  Many  AF  perscxmel  provided  candid  information 
cn  past  false  alarm  prc±)lenis  and  offered  assistance  dtiring  a  Phase  II  effort. 

No  major  obstacles  in  oxKiucting  a  Phase  II  field  measurements  program 
were  identified  during  the  Phase  I  effort.  Similar  field  measurements  have 
be^  successfully  conducted  in  the  past. 

As  with  any  base  support  effort,  it  is  important  to  specify  in  writing 
the  nature  of  the  on^sase  efforts,  v^t  is  the  purpose,  who  and  what  will  be 
involved,  the  time  period  of  cn-base  operations,  who  is  respcxislble,  and  what 
base  si:qpEX>rt  is  required.  Surt  request  messages  would  be  sent  throu^ 
appropriate  AF  channels. 

If  for  any  reason  the  selected  AFB  and/or  its  equipment  and  facilities 
not  be  available  within  some  predetermined  time  period  for  some  or  all  the 
measurements  discussed  in  Section  III,  the  measurements  could  be  ocnducted 
at  other  AF  bases  vhere  filter  and  large  boc^  edrcraft  are  located  and  vhere 
AGE  items  and  other  possible  false  alarm  sources  exist.  In  other  words,  there 
axB  numerous  options  available  to  oonplete  the  field  measurements  phase  of 
the  program,  edthou^  there  could  be  cost  and  schedule  ispacts. 

There  do  not  appear  to  be  any  near-term  opti<xis  for  B-2-assoclated 
measurements  at  any  base  other  than  Edwards.  Whiteman  AFB  offers  the  only 
other  possible  cptlon  in  the  near  future. 

It  is  concluded  that  the  Phase  II/III  goals  of  this  SBIR  program  can  be 
aooonpllshed  without  any  major  unforeseen  schedule  impact  according  to  the 
program  Intents  of  the  AF,  and  that  the  AF  has  eill  the  necessary  administrative 
tools  in  existence  to  effectuate  the  entirety  of  the  Phase  II  effort  without 
major  time  delays  or  cost  Inpacts. 
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SEcraati  v 


OGNCUBIGNS 


Section  II  addressed  the  technical  and  adnlnlstratlve  and  nenageroent 
requlreroaits  that  were  deemed  necessary  to  successfully  define  the  nature 
and  properties  of  radlatlon-emlttlng  sources  that  nay  cause  optical  fire 
detectors  to  false  alaxm  and/or  activate  the  suppressant  subsystem. 

Sections  III  and  IV  discussed  each  of  the  requirements  and  provided  Inslc^t 
as  to  the  feasibility  of  aooonf)llshlng  each  and  every  requlremoit. 

Ihe  following  ooncluslons  are  the  result  of  this  Phase  I  effort. 

1.  Ihe  occurrence  of  false  edarins  and  fadse  activations  of  optical  fire 
detector  subsystems  and  extinguishing  subsystems  In  aircraft  hangars  was 
validated  In  the  Phase  I  study.  At  a  minimum,  such  events  have  occurred  at 
those  AF  bases  listed  In  Section  III-C  and  other  locations  listed  by  the  Navy 
SauEety  Center.  Ihe  older,  single-band  UV  detectors  that  were  Instailled  a  few 
years  ago  (and  can  still  be  purchased  via  the  GSA  Federad  Si;qpply  Sdiedule  as 
AF  approved  Items)  have  a  greater  freguaicy-of -occurrence  of  fadse  alarms  than 
current  UV/IR  detectors  and  have  been  disconnected  at  seme  AF  base  locatlcxis. 
Regardless  of  how  low  or  high  Is  the  frequency-of-occurreioe  of  fadse  adarms, 
the  fact  that  they  do  occur  and  can  result  In  financial  loss  and  curtadlment 
of  AF  missions  was  vadldated  during  this  study. 

Information  provided  by  the  manufacturers  of  current  UV/IR  detectors 
Indicates  that  they  are  aware  of  about  20  recent  events.  Most  of  these  events 
were  caused  by  one  or  more  Intense  llghts/lanps,  welding,  heater  elements, 
and  AGE  Items.  Other  evoits  were  the  result  of  envlrcxm^tad  factors, 
reliability  of  oomponmits  and  Inadequate  malntenanoe/lnstallatlon.  Some 
specific  exaiqples  Included  electronic  oon^xxient  failures,  water  Inside  housings, 
corrosion,  and  mechanlced  fedlure  due  to  vibration  Induced  by  aircraft  engines. 

2.  Discussions  with  aircraft  ground  crews  and  maintenance  personnel 

at  AF  bases  Indicated  that  there  have  been  occasions  when  AGE  Items  and  Intense 
lights  produced  sufflcloit  levels  of  UV  and  IR  to  set-off  an  optlced  fire 
detector  If  one  had  existed  In  the  facility.  Ihe  occurrence  of  alrcreift  and 
AGE  wet  engine  starts/backflres  and  small  nacelle  fires  that  were  Identified 
during  this  study  would  have  also  set-off  optical  fire  detectors  If  they  were 
present. 


3.  Several  types  of  UV  and  IR  anlsslon  sources  can  be  present  In  and 
near  hangars  that  may  eiffect  the  performance  of  epical  fire  detectors.  Most 
of  the  potential  causes  of  false  alarms/actlvatlons  Include  those  discrete 
and  ocnplex  sources  listed  In  Sectlei  III-C.  Very  few  of  these  Items  are  cited 
In  current  AF  detector  procurement  performance  specifications  as  possible  false 
alarm  sources  to  whldn  detectors  sh^d  be  Imnune. 


4.  The  presence  of  false  alcim  sources  cind  fire  threats  are  more 
predondnant  in  some  hcingar  operations  them  in  others.  Mciny  AGE  items  used 
in  OONUS  operations  remain  outside  the  hangars  while  in  UEAFE  operations  these 
same  AGE  items,  as  well  as  most  other  aircrcift-related  items,  are  typiccdly 
inside  the  shelter  unit.  The  simulteineous  presence  then  of  all  of  these 
potential  fcilse  edarm  sources,  including  running  engines,  portends  a  higher 
probability  of  both  fire  events  cind  false  cilarms  of  the  fire  protection  systems. 
A  possible  reason  that  few  if  any  false  cilarm  events  have  been  reported  for 
USAFE  hardened  shelters  is  that  very  few  have  optical  fire  detection  systems 
installed.  UV  single-band  detectors  that  are  installed  in  a  some  PACAF  base 
shelters  have  false  adaunned  in  the  past  and  have  been  disconnected  in  some 
cases. 


A  conclusion  of  this  study  is  that  the  potential  for  false  alarms 
is  much  higher  than  is  reflected  by  the  number  of  past  reported  events, 
especladly  for  those  shelter/haingar  units  that  operate  fighter  adreradt  in 
PACAF  and  CJSAFE  locations. 

5.  The  current  UV/IR  detectors  being  supplied  by  industry  perform 
according  to  the  specifications  to  which  they  are  procured.  They  can  fadse 
alarm  if  they  aire  not  designed  to  be  ininune  to  adl  the  potential  false  alaumn 
sources  that  they  may  be  exposed  to  during  their  lifetimes.  Characterization 
of  the  nature  and  properties  of  adl  potential  fadse  alarm  sources  would  provide 
more  stringent  specif icaticxis  to  increase  detector  inmunity  and  reliability. 

It  is  also  concluded  that  more  stringent  specificatiems  of 
environroaitad  factors/extreones,  greater  reliability /MTBF  requirements  and 
follow-up  inspection  and  testing  of  instadlaticxis  may  help  to  reduce  the  number 
of  fadse  adarms/failures  caused  by  these  items.  About  half  of  the  false  alarms 
and  false  durtps  identified  were  due  to  these  factors. 

6.  It  was  concluded  frem  this  study  that  rate-of-rise  thermal/heat 
detectors  have  been  involved  in  false  alarms  and  dumps  at  several  baises.  These 
detectors  are  sensitive  to  engine  starts  in  a  hangar  where  the  engine 

blast /effluent  is  so  hot  that  the  rate-of-rise  of  temperature  registered  by 
the  detectors  on  the  ceiling  exceed  the  design  temperature  rate  requirement. 
Most  of  these  problems  were  due  to  instedlations  that  were  not  high  enough 
above  the  floor  or  that  the  selected  detectors  had  too  low  of  a  heat/rate-of- 
rise  temperature  setting.  Approximately  10  events  of  this  type  occurred  in 
the  past  year  at  one  Cedifornia  AFB  which  resulted  in  the  loss  of  over  1500 
gallons  of  AFFF  and  depleted  the  supply.  Another  20  or  so  events  also  occurred 
but  were  curtailed  manually  before  suppressant  was  dumped.  These  events  were 
edl  due  to  the  engine  emiisslons  at  st£urt-up  of  high  performance  aircraft. 

The  fire  detection  systems  were  tumed-off  awaiting  appropriate  replacements 
and  better  installations. 

7.  Edwards  AFB  has  the  largest  ocxitingency  of  aircraft  and  false  alarm 
source  potentials,  including  AGE  items,  than  any  other  air  base  surveyed.  It 
also  houses  the  B-2  edreraft  and  has  hush  houses,  engine  test  stands  and  NDI 
facilities  needed  during  a  Phase  II  effort. 
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8.  Most  of  the  sinple/dlscrete  and  sene  oonplex  sources  can  be  purchased 
and  Integrated  Into  the  qucLLlflcatlcxi  test  laboratory  fixtures.  Quartz  halog^ 
lanips/  high  pressure  sodium  lanps,  mercury  vapor  lamps,  multivapor  lamps, 
fluorescent  lamps,  electronic  photo  flash  lamps,  flashll^ts,  vehicle  ll^ts, 
strobe  lamps,  movie  lamps,  quartz  lamps,  sodium  vapor  lamps,  xenon  lamps, 
heating  eleroaits,  acetylene  v^elder,  electric  arc,  matches,  lifters,  and  solar 
spectrum  simulators  are  some  examples.  No  problems  were  Idoitlfled  regarding 
the  preparatlcn  of  false  cilarm  arrays  and  test  fixtures. 

9.  0ptlc2d  measurentent  and  data  recording  equipments  that  cover  the 
UV  and  IR  regions  of  Interest  are  readily  available.  Both  hand-held  low- 
resolution  and  table  mounted  hlgh-resolutlon  pyrometers/spectroroeters  are  needed 
for  the  field  maasuremimts  and  qucdlflcatlon  test  procedures  parts  of  a  Phase 

II  effort. 

10.  Ihe  methodology  and  e:q)erlmental  procedures  are  routine  and  have 
beai  determined  for  the  field  measurements  part  of  the  program.  Ihere  are 
severed  options  avsdlable  In  ocxiductlng  the  field  measurentents  at  different 
tiroes  and  In  dlffer^t  locations,  thus, minimizing  schedullng/oonfllct 
oonstrednts. 

1 1 .  The  qualification  test  procedures  facility  can  be  easily  outfitted 
with  available  standard  electrcxilc  and  mechanical  tools  and  support  Items. 

There  are  no  problems  associated  with  the  establishment  of  such  a  facility. 

It  Is  concluded  that  this  facility  should  be  located  In  the  g^ieral  geographical 
region  where  most  of  the  field  measurements  vxxdd  take  place. 

12.  The  Air  Force  has  In-plaoe  edl  the  necessary  management  Interfaces 
and  procedures  to  schedule  the  Phase  II  effort  and  to  assure  that  the  goals 
of  the  SBIR  effort  are  met.  There  was  strcxig  support  on  the  part  of  all  AF 
representatives  ocxitacted  during  this  Phase  I  effort  to  provide  assistance 
In  solving  the  optical  fire  detector  false  alarm  problem. 

13.  This  Phase  I  effort  has  proven  the  Importance  of  determining  the 
characteristics  of  pot^tlal  false  alarm  sources  and  In  establishing 
qualification  test  procedures  to  prove  detector  immunity.  The  feasibility 
of  successfully  conducting  the  Ehase  II  effort  and  satisfying  the  goals  of 
this  SBIR  program  has  been  established. 

14.  A  final  ccxicluslcmi  Is  that  the  conduct  of  a  Phase  II  effort  would 
result  In  cost  benefits  to  the  government  and  would  also  provide  greater 
assurance  for  aircraft  mlssl<xi  Implementation,  success  and  survivability. 
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As  a  result  of  this  Phase  I  SBIR  contract,  the  following  reoonmendations 
can  be  made  and  supported: 

1 .  The  Air  Force  should  specify  in  its  purchase  descripticxis  detailed 
requirements  for  c^ticcd  fire  detectors  and  detection  subsystems.  "Ihese 
requirements  should  include  imnunlty  to  fcdse  alarm  sources,  performance 
reliability  in  environments  (tenperature,  shock,  vibration,  water  imnersioi, 
salt,  humidity  and  ejqplosive  atmosphere),  lifetime,  and  methods  of  installation. 

2.  Hie  Air  Force  should  determine  the  nature  and  pr(^)ertles  of  the  feilse 
edarm  sources  to  v^ch  fire  detectors  and  fire  detection  subsystems  vrould  be 
exposed  2uid  specify  these  chcuracterlstics  to  Industry. 

3.  In  additl<xi  to  the  specif Icatloi  of  fcilse  alarm  characteristics, 
test  procedures  and  test  simulation  approaches  should  be  stipulated  in  the 
procurement  proposal  requests  (or  purchase  descriptions)  that  industry  would 
be  required  to  satisfy  in  order  to  verify  detector  and/or  detection  system 
performauice  conformity  to  specifications. 

4.  In  the  defining/measuring  the  characteristics  of  fcdse  alarm  sources, 
all  Air  Force  applications  should  be  taken  into  account,  including  various 
types  of  hangars  for  many  different  adixxaft,  maintenance  facilities,  hot  pits, 
hush  houses  and  any  other  facilities  that  require  the  use  of  optical  fire 
detection. 

5.  In  addition  to  the  qucdlflcatlcxi  test  procedures  that  should  be 
followed  in  proving  detector  Inmunlty  to  false  alarm  sources,  design  and  other 
test  requirements  should  be  Inposed  to  increase  the  performance  of  such  devices 
in  the  environments  they  are  e:)qx>sed  to.  As  shown  herein,  many  of  the  false 
alarm  events  have  been  due  to  eivlrcxmental  factors  such  as  shock,  vibration 
water  Imnerslcn/leakage,  corrosion  of  oonponents,  and  short  llfetlmes/low  MTBFs. 

At  a  minimum,  consideration  should  be  given  to  ixiposlng  the  following 
military  standards  in  the  specifications  of  purchases  of  near-future  optical 
fire  detectors:  Mil-Std-810D  (envircxmentcd  performance)  sections  501.1  (high 
temperature),  502.2  (low  tenperature),  512.2  (leakage,  water  inmerslon) ,  511.2 
(explosive  atmosphere),  516.3  (shock),  514.3  (vlbratlcxi) ,  507.2  (humidity), 

500.2  (altitude),  and  509.2  (salt);  Mil-Std-461C  (electronagnetic  emission 
and  susceptibility;  category  Ale,  aerospace  ground  equipment  associated  with 
aircraft  and  electronic  support  equipment),  sections  CE03,  CE07,  CS02,  CS06, 
RE02,  RS02  and  RS03;  and  Mll-Std-462H  (EME  measurements)  to  conduct  the  latter 
qualification  test  measurements. 

Satlsfactl(xi  of  the  above  military  standards  would  reduce  the 
probability  of  false  alarms  or  failures  due  to  envlronmentcd  factors  and 
electromagnetic  emlssicxis.  These  standards  repres^t  only  a  few  of  those  deemed 
necessary  for  the  HAS  Fire  Protectlcxi  System  (References  3  and  6).  Also,  the 
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AF  should  review  the  level  of  reliability  and  MTBF,  if  any,  that  should  be 
imposed  cxi  optical  fire  detectors,  controllers  and  fire  protection  systems 
in  general.  Such  requirements  do  not  presently  exist. 

7.  Ihe  purchase  description  that  results  from  a  Phase  II  effort  should 
encompass  false  alarm  immunity  requirements,  test  procedures  approach  and  the 
environmental  specifications  stated  in  6  above. 

8.  During  the  course  of  the  Phase  II  effort  industry  should  be  kept 
closely  informed  and  asked  for  their  recomnnendations  and  comnnents  as  the  program 
progresses.  This  would  help  industry  in  their  efforts  to  meet  the  Air  Force's 
requirements  in  a  timely  manner. 

9.  Hie  procurement  approach  utilized  in  current  acquisitions  of  optical 
fire  detectors  and  logic  electronic  controllers  should  be  reviewed  by  the  AF 
in  terms  of: (a)  "oonponent  approach"  vs.  "systans  approach",  (b)  performance 
and  qualification  test  specifications,  and  (c)  use  of  comnercial  testing 
organizations  for  certifications  vs.  internal  industricil  and  other  certified 
laboratory  testing  according  to  military  standards.  Hie  HAS  Program  Purchase 
Description  should  cLLso  be  reviewed  in  this  context  because  that  detection 
subsystem  was  developed  to  meet  the  major  fire  threats  and  major  false  alarm 
potenticils  that  may  be  experienced  in  operational  shelter  units.  Hie  issue 
here  is  to  vAiat  degree  should  future  fire  detectors  and  electronics  be  designed 
and  qualified  to  military  vs.  commercial  standards. 

10.  Edwards  AFB  should  be  selected  as  the  location  for  the  field 
measurements.  Hie  qualification  test  procedures  facility  should  be  located 
in  the  southern  California  region  near  Edwards  AFB. 

1 1 .  Hie  problems  identified  in  the  Phase  I  effort  with  false  alarm  sources 
exemplifies  the  need  to  proceed  in  developing  more  appropriate  and  thorough 
design  and  performance  specifications  for  optical  fire  detectors.  It  is 
reconinended  that  a  Phase  II  effort  be  pursued  with  diligence  by  the  USAF  and 
that  it  be  given  hi^  priority  because  of  the  potential  financial  benefits 

to  the  AF  and  the  benefits  of  increased  aircraft  mission  success  and 
survivability. 
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